

















vaccine live

Influenza A (H1IN1) 2009 Monovalent Medimmune

Launched-2009

Vaccine

Influenza A (H1IN1) 2009 Monovalent sanofi pasteur

Launched-2009

Panflu.1

Sinovac Biotech

Launched-2009

Launched-2009

Pandemic influenza vaccine (surface Novartis
antigen, inactivated, adjuvanted)(Focetria

[A/HIN1])

Influenza A (H1IN1) 2009 Monovalent Novartis Launched-2009
vaccine

Celvapan (H1N1) Baxter Launched-2009
Fluval P Omnivest Launched-2009
Panenza sanofi pasteur Launched-2009
Influenza A(H1N1) monovalent vaccine Novartis Launched-2009
(Celtura)

Grippol Neo Solvay/Petrovax Launched-2009
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Investigational influenza vaccines, including seasonal influenza, avian influenza and swine flu
influenza vaccines, are featured in the following tables. Individual vaccines, classes and
technologies are described in the following sections.

New seasonal influenza vaccines in active preclinical and
clinical development

Drug Name Organization Description Status
Grippol Plus Solvay Egg - based adjuvanted | Registered

influenza vaccine

Influvac TC Solvay Inactivated trivalent Registered
subunit influenza virus
vaccine produced on

MDCK - culture cell

Intradermal sanofi pasteur Split influenza virus, Registered
seasonal flu inactivated, containing
vaccine antigens equivalent to
the following strains:
A/New Caledonia/20/99
(H1IN1) like strain
(A/New
Caledonia/20/99 (IVR -
115)),
A/Wisconsin/67/2005
(H3N2) like strain
(A/Wisconsin/67/2005
(NYMC x - 151)),
B/Malaysia/2506/2004
like strain
(B/Malaysia/2506/2004)

-
<

sanofi pasteur Seasonal influenza Registered
inactivated trivalent
split virion vaccine
containing
hemagglutinin (HA) of
three prototype strains
A/New Caledonia/20/99
(H1IN1),
A/Wisconsin/67/2005
(H3N2) and
B/Malaysia/2506/2004




UMN-0502

Protein
Sciences

Trivalent influenza
vaccine consisting of
three insect cell culture
produced recombinant
hemagglutinin (rHAO)
proteins corresponding
to the flu strains
selected by the World
Health Organization and
the Center for Disease
Control for each year's
vaccine and formulated
in PBS

Pre-
Registered

GC-501

Green Cross

Trivalent split influenza
vaccine

Phase 111

GSK-2186877A

GlaxoSmithKline

Seasonal influenza
vaccine

Phase 11

GSK-576389A

GlaxoSmithKline

Adjuvanted split - viron
influenza virus vaccine

Phase I

MEDI-8662

Medlmmune

Quadrivalent live
attenuated influenza
virus vaccine

Phase 111

SPD-707

GlaxoSmithKline

Trivalent, inactivated,
split - virion influenza
virus vaccine consisting
of influenza virus
hemagglutinin (HA) of 3
strains (A/New
Caledonia/20/99
(HIN1),
A/Wisconsin/67/2005
(H3N2) and
B/Malaysia/2506/2004)

Phase IlI

Baxter

Seasonal influenza
vaccine consisting of
inactivated split
influenza virus based on
Baxter”s Vero - cell
technology

Phase 11

MEDI-3250

Medlmmune

Quadrivalent seasonal
influenza vaccine

Phase
/111

CSL-412

CSL

Influenza vaccine
adjuvanted with
ISCOMATRIX(TM)

Phase 11

sanofi pasteur/
Crucell

PER.C6 cell culture
technology - based
trivalent split
inactivated seasonal
influenza vaccine

Phase 11

Fluzone/JVRS-
100

Juvaris

Fluzone influenza
vaccine adjuvanted with
JVRS - 100

Phase 11

GHB-111L1

Avir Green Hills
Biotechnology

Intranasal live
attenuated influenza

Phase 11




vaccine based on the
deletion of the
pathogenicity factor
NS1 gene of influenza
H1N21virus and
produced in cell cultures
(Vero cells)

GSK-2321138A

GlaxoSmithKline

Phase 11

MVA-NP+M1

University of
Oxford

Influenza vaccine
consisting of a
recombinant MVA virus
expressing influenza A
nucleoprotein (NP)
fused to matrix protein
(M1) via a flexible linker
(GGGPGGG)

Phase 11

VAX-125

Vaxlnnate

Influenza vaccine
consisting of fusion
protein comprising the
globular head domain of
hemagglutinin (HA)
antigen from A/Solomon
Islands/3/2006 (H1N1)
fused to TLRS5 ligand,
flagellin (STF2)

Phase 11

678336

sanofi-aventis

Quadrivalent influenza
vaccine

Phase 11

426173

Solvay/
Norwood
Immunology

Intranasal influenza
vaccine based on
Virosome Biologicals'
adjuvanted technology

Phase 11

430974

Novavax

Seasonal influenza
vaccine consisting of
three virus - like
particles from H3N2,
H1N1 and B influenza
subtypes given as a
single trivalent vaccine

Phase 11

AVX-502

AlphaVax

Influenza vaccine
containing the
hemagglutinin gene
from Influenza
A/Wyoming/03/2003,
developed with the
alpha replicon vector
(TM) system
(Alphavax's
alphavaccine
technology)

Phase I/11

BVX-M001

BiondVax
Pharmaceuticals

Universal influenza
vaccine consisting of a
recombinant protein
preparation that
includes nine conserved
linear epitopes in
triplicate from
Hemagglutinin (HA),
Nucleoprotein (NP) and
Matrix (M) proteins

Phase I/11




Flagellin.HuM2e

Vaxlnnate

Influenza A vaccine
consisting of a
recombinant protein
comprising the TLR5
ligand flagellin (STF2)
fused to four tandem
copies of a consensus
M2e (influenza matrix
protein ectodomain)
sequence based on
human H1N1, H2N1 and
H3N2 virus and
expressed in Escherichia
coli

Phase I/11

VaxiSome-
Influenza

NasVax

Influenza vaccine
formulated with
VaxiSome(TM) adjuvant
technology

Phase I/11

424477

Vaxine

Trivalent inactivated
seasonal influenza
vaccine formulated with
Advax adjuvant

Phase I/11

Agrippal-1C31

Novartis/
Intercell

Agrippal vaccine
formulated with
Intercell's proprietary
adjuvant IC31

Phase |

Flagellin.HuHa/flagellin.AvHA

Vaxlnnate

Influenza vaccine
consisting of fusion
proteins linking
bacterial flagellin (STF2)
to the globular head of
viral hemagglutinin

(HA) of human and
avian influenza virus,
respectively

Phase |

Fluzone/Vaxfectin

Vical

Seasonal influenza
inactivated trivalent
split virion vaccine
containing
hemagglutinin (HA) of
three prototype strains
A/New Caledonia/20/99
(H1IN1),
A/Wisconsin/67/2005
(H3N2) and
B/Malaysia/2506/2004
adjuvanted with
Vaxfectin

Phase |

GHB-01L1

Avir Green Hills
Biotechnology

Influenza A (H1N1)
vaccine based on live -
attenuated virus by
deletion of
pathogenicity factor
NS1, produced in Vero
cells

Phase |

GSK-2115160A

GlaxoSmithKline

Phase |

H6N1-Teal-HK
97/AA

Nat. Inst.
Allergy &
Infectious Dis.

H6 avian influenza live
attenuated vaccine
consisting of a
recombinant virus with

Phase |




HA and NA genes from
A/teal/HK/W312/97
(H6N1) virus and the
internal protein genes
derived from cold -
adapted (ca) influenza A
vaccine donor strain,
A/AA/6/60 (H2N2) virus

M2e-HBc

sanofi-aventis/
Acambis

Influenza A vaccine
consisting of virus - like
particles based on
hepatitis B core protein
fused to extracellular
domain of the ion
channel protein M2
(M2e)

Phase |

NB-1008

NanoBio

Fluzone vaccine
formulated with
nanoemulsions
(WB05EC) as mucosal
adjuvant

Phase

SCH-900795

BioDiem/
Nobilon

Live attenuated
influenza virus vaccine
composed of three
attenuated influenza
virus

Phase

Merck & Co.

Bivalent influenza
peptide conjugate
vaccine formulated with
aluminium and
ISCOMATRIX(TM)

Phase

VRC-
FLUDDNAOS6-
00ovP

Nat. Inst.
Allergy &
Infectious Dis.

DNA Influenza vaccine
that encodes H1, H3,
and influenza B
hemagglutinin (HA)
proteins

Phase

<

RC-

LUDNAQ47-00-

E
VP

Nat. Inst.
Allergy &
Infectious Dis.

DNA trivalent seasonal
influenza vaccine

Phase

655089

University of
Bergen

Virosomal Avian
influenza vaccine based
on A/Vietnam/2004
H5N1 (NIBRG - 14)
strain formulated with
ISCOM adjuvant

Phase

468374

US Department
of Health &
Human
Services

Pandemic influenza
vaccine consisting of a
formalin - inactivated
reassortant virus
H7N7/PR8, containing
the Mall12 (H7N3) virus
HA gene, the Mal2
(H10N7) virus NA gene
and the remaining six
genes from Joh/PR8
virus

Phase

AP205-M2

Cytos
Biotechnology

Influenza A vaccine
consisting of

Preclinical




bacteriophage AP205
virus like particles
displaying the highly
conserved extracellular
domain of influenza A
M2 protein

EP-1400

Affitech

Preclinical

FLU-v

PepTcell

Synthetic influenza
vaccine containing
multiple T cell peptides
epitopes that are
present on all influenza
viruses

Preclinical

G1-8000

Globelmmune

Preclinical

L-M2eA

Molecular
Express

Influenza vaccine
consisting of matrix 2
protein ectodomain
segment of influenza A
strains coupled to a
soluble hydrophobic
domain (HD) and
formulated in liposomes
using VesiVax
technology

Preclinical

LG-611

Lentigen

Influenza virus - like
particle vaccine
containing core protein
(M) and surface
antigens (HA and NA)
using LentiMax
technology

Preclinical

M2e/NP-1SS

Dynavax

Influenza vaccine
consisting of a fusion
protein containing 8
tandem repeats of
extracellular domain of
M2 (M2E) protein
followed by
nucleoprotein (NP);
produced in E.coli and it
is conjugated to an
immunostimulatory
ODN (ISS)

Preclinical

NB-006

NanoBio

Preclinical

NP-1SS/M2e-

ISS

Dynavax

Influenza vaccine
consisting of influenza
nucleoprotein NP and
influenza extracellular
domain of matrix
protein (M2e) both
linked to
immunostimulatory DNA
(1SS)

Preclinical

VLI-03A

VectorLogics

Influenza vaccine

Preclinical

681702

NanoBio

Avian influenza vaccine
consisting of
recombinant HSN1
antigen (HBsAQ)

Preclinical




formulated with
nanoemulsions (NEs) as
adjuvant

648869 Vivaldi

Live attenuated
influenza vaccine by
altering the NS1
(nonstructural protein)
gene

Preclinical

649740 iBioPharma

Subunit Avian influenza
vaccine based on
hemagglutinin(HA) from
H5N1 strains and
produced using
iBioPharma's
proprietary plant -
based platform

Preclinical

654231 LigoCyte

Influenza vaccine
consisting of influenza -
pseudotyped virus - like
particles produced via
the expression of
influenza A/Hong
Kong/68 (H3N2)
hemagglutinin (HA) and
neuraminidase (NA) and
the murine leukemia
virus Gag protein in the
baculovirus - insect cell
expression system

Preclinical

639397 iBioPharma

Subunit influenza
vaccine based on
hemagglutinin(HA) from
the A/Wyoming/3/03
(H3N2) strain using a
plant - based
technology

Preclinical

452409 LigoCyte

Influenza vaccine
consisting of influenza -
pseudotyped virus - like
particles produced via
the expression of
influenza A/PR/8/34
(H1N1) hemagglutinin
(HA) and neuraminidase
(NA) and the murine
leukemia virus Gag
protein in the
baculovirus - insect cell
expression system

Preclinical

665334 Pevion

Influenza vaccine based
on an optimized
synthetic M2e peptide
combined with the
Pevion's virosome
technology

Preclinical

Copyright 2010 Prous Science. All rights reserved.

Avian influenza vaccines in active preclinical and clinical
investigation




Drug Name

Organization

Description

Status

CSL-401

CSL

Inactivated split - virus
influenza H5N1 vaccine
adjuvanted with AIPO4. The
vaccine is prepared in
embryonated hen's eggs using
the reference strain NIBRG -
14, a reassortant strain
between A/Viethnam/1194/2004
and A/PR/8/34

Registered

Celvapan

Baxter

Influenza vaccine consisting of
fully inactivated wild - type
H5N1 strain
A/Vietnam/1203/2004;
manufactured in Vero cell
culture

Registered

Fluad-H5N1

Novartis
Vaccines and
Diagnostics

Influenza vaccine consisting of
haemagglutinin and
neuraminidase antigens of
A/Vietnam/1194/2004 (H5N1)
strain adjuvanted with MF59C.1

Registered

Fluval H5N1

OMNINVEST

Avian influenza vaccine
consisting of inactivated whole
virus strain
A/Vietnam/1194/2004 (egg
grown) adjuvanted with
aluminum phosphate

Registered

GSK-1119711A

GlaxoSmithKline

Pandemic influenza vaccine
containing alum - adjuvanted
A/Vietnam/1194/2004 (H5N1)
whole virus inactivated antigen

Registered

Pandemrix

(H5N1)

GlaxoSmithKline

Inactivated split influenza
vaccine based on
H5N1/A/Vietnam/1194/04
(clade 1; NIBRG - 14) virus and
adjuvanted with a novel
proprietary adjuvant; on a
pandemic situation the antigen
component will be changed for
the particular strain causing the
pandemia

Registered

Panflu (H5N1)

Sinovac

Inactivated whole H5N1
influenza virus vaccine
adjuvanted with aluminium
hydroxide. The vaccine is
produced in embryonated hen's
eggs using the reference strain
NIBRG - 14 which is a
reassortant strain between
A/Vietham/1194/2004 and
A/PR/8/34

Registered

Prepandemic
influenza

vaccine (H5N1)

GlaxoSmithKline

Prepandemic influenza A
vaccine consisting of purified
antigen of inactivated split
virions A/Vietnam/1194/2004
NIBRG - 14 (H5N1) and
administered with AS03
adjuvant

Registered




H5N1 pandemic
influenza
vaccine

Biken/ Kitasato
Institute/
Denka

Influenza vaccine consisting of
inactivated whole virion from
avian influenza NIBRG - 14
H5N1strain

Pre-
Registered

HON2 avian
influenza
vaccine

Novartis
Vaccines and
Diagnostics

Vaccine consisting of
inactivated influenza
A/chicken/Hong Kong/G9/97
(H9N2) adjuvanted with MF -
59

Pre-
Registered

GSK-1557484A

GlaxoSmithKline

Avian influenza vaccine
consisting of monovalent
A/Indonesia/5/05 (H5N1)
antigen adjuvanted with AS0O3

Phase 11

Pre-pandemic
MFE59-

adjuvanted
H5N1 vaccine

Novartis
Vaccines and
Diagnostics

Pre - pandemic MF59 -
adjuvanted
A/Vietnam/1194/2004 clade 1
H5N1 vaccine adjuvated with
MF59

Phase 111

FluNhance

Protein
Sciences

Additive for enhance influenza
vaccines consisting of
recombinant neuraminidase
(rNA)

Phase 11

UMN-0501

UMN Pharma

Recombinant Influenza vaccine
based on H5N1
A/VN/1203/2004 influenza
strain

Phase II

394549

sanofi pasteur

Inactivated split - virion
influenza vaccine based on
modified Influenza virus strain
A/Vietnam/1194/2004/NIBRG14
(H5N1) containing modified
haemagglutinin and
neuraminidase from
A/Vietnam/1194/2004 and
other viral proteins from
influenza A/PR/8/34 (H1N1)

Phase 11

460762

Sinovac

Avian influenza H5N1 split
virion vaccine

Phase 11

434372

Novavax

Virus - like particle vaccine
based on A/indonesia/05/2005,
clade 2 (H5N1) isolate and
purified from Spodoptera
frungiperda (Sf9) insect cells
following infection of
baculovirus vector encoding an
expression cassette comprised
of three influenza virus
structural proteins,
hemagglutinin (HA),
neuraminidase (NA) and matrix
(M1)

Phase 11

473074

Nat. Inst.

Allergy &
Infectious Dis.

Avian influenza vaccine
consisting of inactivated H7N7
influenza virus

Phase I/11

423250

Baylor College

Vaccine consisting of

Phase I/11




of Medicine
(BCM)

inactivated subvirion of
influenza A/Vietnam/123/2004
(H5N1, clade 1) virus

ADNVN1203/04.H5

Vaxin

Intranasal influenza vaccine
consisting of adenovirus vector
encoding H5 hemagglutinin

Phase

Ad4-H5-Vtn

PaxVax

Oral avian influenza vaccine
consisting of recombinant
adenovirus - 4 expresing
hemagglutinin of HSN1
(A/viethnam/1194/2004)

Phase

Fluvacc

Avir Green Hills

Biotechnology

Intranasal live attenuated
influenza vaccine based on the
deletion of the pathogenicity
factor NS1 gene of influenza H5
virus and produced in cell
cultures (Vero cells)

Phase

GBH-0411

Avir Green Hills

Biotechnology

Avian influenza (H5N1) vaccine
based on live - attenuated virus
by deletion of pathogenicity
factor NS1, produced in Vero
cells

Phase

H7N3 BC
2004/AA ca

Nat. Inst.
Allergy &

Infectious Dis./

MedImmune

Live attenuated cold - adapted
(ca) influenza A H7N3 vaccine
containing HA and NA from
A/chicken/BC/CN - 6/04 (H7N3)
virus and protein genes derived
from the cold adapted influenza
A vaccine donor strain
A/AA/6/60 ca (H2N2) virus

Phase

PER.C-flu

sanofi pasteur/

Crucell

Vaccine consisting of
inactivated split influenza H7N1
virus (RD3). Genereted by
reverse genetics; it comprises
the internal genes from
A/Puerto Rico/8/34 (H1N1)
strain, and neuraminidase (NA)
and genetically modified
hemagglutinin (HA) from avian
strain
A/Chicken/Italy/13474/99
(H7N1); propagated on PER.C6
cells

Phase |

VCL-1PM1

Vical

Influenza monovalent vaccine
consisting of a DNA plasmid
encoding the hemagglutinin
(HA) surface protein from the
H5N1 A/Vietham/1203/04 virus
strain, formulated with Vical's
proprietary Vaxfectin(TM)
adjuvant

Phase |

VCL-IPT1

Vical

Influenza trivalent DNA vaccine
consisting of three plasmids,
one encoding the hemagglutinin
(HA) surface protein from the
H5N1 A/Vietnam/1203/04 virus
strain, and two separate
plasmids encoding consensus
sequences of two highly

Phase |




conserved influenza virus
proteins: nucleoprotein (NP)
and ion channel protein (M2);
formulated with Vical's
proprietary Vaxfectin(TM)
adjuvant

VRC- Nat. Inst. Recombinant DNA vaccine Phase |
AVIDNAO36-00- Allergy & encoding Influenza virus
VP Infectious Dis. hemagglutinin (H5)
administered intramuscularly
using the Biojector 2000 Needle
- Free injection management
system
463293 Medicago Avian influenza Virus - Like - Phase |
Particles (VLP) vaccine based on
H5N1 Indonesia strain
manufactured in Nicotiana
bethamiana and adjuvanted
with aluminium hydroxide
649281 Baxter Avian influenza vaccine Phase |
consisting of inactivated,
reverse genetic reassortant
A/H5N1/Indonesia/05/2005
strain; manufactered in Vero
cell culture
646010 sanofi pasteur Avian influenza vaccine Phase |
consisting of inactivated subunit
virion A/Indonesia/05/2005
(H5N1)
427488 Generex Avian influenza vaccine based Phase |
on modifications of a small
fragments of the hemagglutinin
protein from the H5N1 virus
VGX-3400 VGX DNA avian influenza vaccine IND Filed
Pharmaceuticals | against Vietnamese H5N1 strain
MG-1109 Green Cross/ H5N1 Avian influenza vaccine Preclinical
Mogam
Biotechnology
Research
Institute
Replikins H5N1 Replikins H5N1 Avian influenza vaccine Preclinical
Bird Flu vaccine
Replikins PanFlu Replikins Pandemic influenza vaccine Preclinical
vaccine
Replikins Replikins Vaccine against H5N1 avian Preclinical
Transflu influenza and H1N1 swine
influenza
628652 Vaxart Avian influenza vaccine Preclinical
consisting of non - replicating
chimeric adenoviral vector
(WV2) expressing avain flu HA
and a TLR3 ligand as an
adjuvant
426415 CytoGenix synDNA H5N1 avian flu vaccine | Preclinical




656331

Novavax

Avian influenza virus - like
particles (VLP) containing
hemagglutinin (HA) from
several different H5 strains

Preclinical

452409

LigoCyte

Influenza vaccine consisting of
influenza - pseudotyped virus -
like particles produced via the
expression of influenza
A/PR/8/34 (H1N1)
hemagglutinin (HA) and
neuraminidase (NA) and the
murine leukemia virus Gag
protein in the baculovirus -
insect cell expression system

Preclinical

468744

Juvaris

JVRS - 100 adjuvanted H5N1
pandemic influenza vaccine

Preclinical

448976

MedImmune

Cell cultured pandemic H5N1
influenza vaccine

Preclinical

420795

DelSite

Avian influenza vaccine that
combines GelVac(TM) vaccine
delivery system with an avian
H5 influenza whole virion
antigen

Preclinical

654232

LigoCyte

Influenza vaccine consisting of
influenza - pseudotyped virus -
like particles produced via the
expression of influenza (H5N1)
hemagglutinin (HA) and
neuraminidase (NA) and the
murine leukemia virus Gag
protein in the baculovirus -
insect cell expression system

Preclinical
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Swine flu

vaccines in active preclinical and

investigation

clinical

Drug Name

Organization

Description Status

Influenza A
(HIN1)
monovalent
vaccine

GlaxoSmithKline

Influenza A (H1N1) Registered

vaccine consisting of
inactivated split influenza
A/California/7/2009
(H1N1) virus and
produced in embryonated

eggs

680072

Jiangsu
Yanshen
Biological

H1N1 swine influenza Registered

vaccine

673657

Hualan
Biological
Bacterin

Split - virion monovalent Registered

influenza vaccine,
prepared from reassortant
virus A/California/7/2009
NYMC X - 179A (HIN1), in
embryonated chicken
eggs; formaldehyde
inactivated




Humenza sanofi pasteur Monovalent inactivated Pre-
subvirion Registered
A/California/07/2009
(H1N1) influenza vaccine
adjuvanted with AFO3
GSK-2340269A | GlaxoSmithKline | Pandemic influenza HIN1 | Phase IlI
vaccine
GSK-2340272A | GlaxoSmithKline | Pandemic influenza Phase 111
A/H1IN1 vaccine
GSK-2340273A | GlaxoSmithKline | Influenza H1N1 vaccine Phase 111
GSK-2340274A | GlaxoSmithKline | Influenza A/ HIN1(swine) | Phase IlI
vaccine based on
A/california/7/2009(H1N1)
strain
660702 Novavax Virus - like - Particle (VLP) | Phase I11
vaccine containing the
hemagglutinin (HA),
neuramidase (NA) and
matrix 1 (M1) proteins
from HIN1 influenza virus
BVX-M001 BiondVax Universal influenza vaccine | Phase 1/11
Pharmaceuticals | consisting of a
recombinant protein
preparation that includes
nine conserved linear
epitopes in triplicate from
Hemagglutinin (HA),
Nucleoprotein (NP) and
Matrix (M) proteins
665575 Vaxine H1N1 Swine flu vaccine Phase I/11
combined with Vaxine's
Advax (TM) polysaccaride
adjuvant system
HN-VAC Bharat Biotech Cell culture based HIN1 Phase |
influenza vaccine
VRC- Nat. Inst. DNA vaccine expressing Phase |
FLUDDNAOS7- | Allergy & H1 hemagglutinin(HA)
00-VP Infectious Dis. from Influenza
A/California/04/2009
H1N1
Adimflu-S ADImmune Influenza A(H1N1) vaccine | Clinical
(A/HIN1) manufactured in
embryonated chickens'
eggs
Replikins H1IN1 [ Replikins H1IN1 Swine influenza Preclinical
Swine Flu vaccine
Vaccine
SynCom Inovio DNA vaccine targeting Preclinical
Universal flu Biomedical influenza HA: H1, H2, H3,
vaccine and H5 (Avian) along with

conserved regions of NA
and M2e - NP using the
Inovio's SynCom(TM)




technology

SynCon HIN1 | Inovio H1N1DNA swine influenza | Preclinical
Biomedical vaccine using the SynCon
(TM)DNA Vaccine Platform

667456 Medicago H1N1 virus - like particle Preclinical
swine flu vaccine

665813 AlphaVax HIN1(Swine) Influenza Preclinical
vaccine containing the
hemagglutinin gene from
Influenza California
04/2009, developed with
the alpha replicon vector
(TM) system (Alphavax's
alphavaccine technology)

663747 Vical HIN1 Influenza DNA Preclinical
vaccine encoding H1
hemagglutinin from swine
- origin A/California/04/09
wild - type influenza virus
formulated with Vical's
proprietary Vaxfectin(TM)
adjuvant

677762 NasVax H1N1 influenza vaccine Preclinical
based on
A/California/7/2009
(H1N1) antigen and
adjuvanted with Vaxisome
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Active Immunization

The influenza virus was first isolated in 1933. The first inactivated influenza vaccine was developed



during World War 1l to protect U.S. soldiers (Monto, A.S., 2000). Vaccination against influenza virus
remains the most simple and cost-effective antiinfluenza measure, but is critically dependent on the
accuracy of prediction of viral antigenic shifts and drifts. The manufacturing process starts after the
analysis of influenza samples taken from several different surveillance sites around the world. In
February/March the WHO (in the U.S., the Advisory Committee on Immunization Practices) typically
selects three strains (currently two of type A and one of type B) likely to be the most common
strains circulating during the following flu season in the Northern hemisphere; this process is
repeated in September in order to determine the predominant strains likely to be circulating in the
Southern hemisphere (Gerdil, C., 2003).

Current inactivated vaccines are produced from reassortant virus strains. These reassortants are
produced by co-infecting embryonated chicken eggs with the current infecting strains and a strain
that grows well in the allantoic cavity of the eggs, called seed strains. The resulting reassortants
contain the H and N genes of the currently circulating strain. The reassortants are then grown in
embryonated eggs, collected by zonal centrifugation, purified and inactivated with formalin or beta-
propiolactone. The vaccine consists of whole inactivated virus (whole-virus vaccine), partially
purified viral proteins (split-virus vaccine) or a subunit combination of the purified H and N proteins
(purified-subunit vaccine). Existing vaccines usually contain approximately 15 mcg of hemagglutinin
per dose of a combination of three strains. Vaccination is given by intramuscular injection about six
to eight weeks before the expected influenza season (Couch, R.B., 2000; Gerdil, C., 2003). Because
egg proteins can slightly contaminate the virus preparations, a known allergy to eggs may be a
contraindication for influenza vaccination. Furthermore, because of the long time period required for
current vaccine production systems, the viruses to be incorporated in the annual vaccine must be
selected approximately six months before the flu season begins. Antigenic drift often occurs during
the intervening period, and new virus variants that were not identified in time to be included in the
vaccine have been found responsible for the majority of flu epidemics in recent years (Glezen, W.P.,
2008). In response to this problem, a novel influenza vaccine, Novartis' Optaflu®, was launched in
2008 in Germany for vaccination against seasonal influenza. Optaflu is the first influenza vaccine to
utilize a proprietary production cell line that circumvents the need to use chicken eggs. The new cell
culture technology, which is the first new innovation for influenza vaccines in more than 50 years,
was developed in order to provide a more flexible and reliable production process capable of
meeting seasonal demand as well as the potential need for vaccines in a pandemic situation.

Influenza vaccines are safe, efficacious and cost-effective (Nichol, K.L., 2003) and provide significant
protection --70-90% in years when a good match is attained between vaccine antigen and
circulating virus Glezen. W.P., 2008)-- in children and adults. They are somewhat less effective in
the elderly, in whom innate and adaptive immune system capacity is diminished (Arvin, A.M. and
Greenberg, H.B., 2006). An antibody response is present after about a week with maximal response
in two to four weeks. Little or no additional antibody response is seen in adults upon administration
of a second dose of vaccine. In children, it has been shown that a protective response is more likely
to occur in the context of a preexisting immunization, indicating that immunological priming could be
an important protective factor (Hurwitz, E.S. et al., 2000).

Since currently available influenza vaccines contain inactivated virus, most experts consider
vaccination during pregnancy to be safe (Heinonen. O.P. et al., 1973). The 1976 H1N1 vaccine was
shown to increase the incidence of the Guillain-Barré syndrome (Ropper. A.H.. 1992). Quantitative
studies during the 1992-1994 influenza seasons established a risk of about one additional case per
million (Lasky, T. et al., 1998).

The Centers for Disease Control and Prevention recommends vaccination of the following high-risk
individuals:

= People aged 65 years and older

= Residents of nursing homes or other chronic care facilities who have chronic medical conditions

= People of any age with chronic medical conditions (e.g. asthma, cardiovascular disease, diabetes, AIDS, organ
transplant recipients, etc.)

= Women who will be in their second or third trimester of pregnancy during the flu season

= Health care personnel who may transmit the disease to high-risk patients

In addition to the elderly and those with chronic lung and/or coronary conditions, in whom influenza
vaccination has traditionally been indicated, as of 2008 the CDC Advisory Committee on
Immunization Practices (ACIP) also recommends vaccination of all children aged 518 years.
Vaccination of all children aged 6 months-18 years should begin before or during the 2008-09
influenza season if feasible, but no later than during the 2009-10 influenza season. Other
populations in whom yearly influenza vaccination is recommended are: all persons aged 50 years
and older, persons between 19-49 years of age who have underlying medical conditions or are



pregnant, are employed as healthcare workers, or are household contacts of high-risk persons. This
broadening is based on the discovery that those individuals who are at greatest risk of
complications from influenza virus infection also have lower response to the vaccine due to immune
suppression, and thus are best protected through vaccination of their contacts. Under these new
recommendations, approximately 85% of the U.S. population is eligible for influenza vaccination
Glezen, W.P.. 2008). Nonetheless, immunization campaigns have not been tremendously
successful, with annual vaccination rates among high-risk populations of only 60-80%, according to

CDC (Hoelscher, M. et al., 2008).

Newer developments include the production of a vaccine containing live, cold-adapted virus for
intranasal inoculation, DNA vaccines and recombinant vaccines, in which the hemagglutinin gene is
inserted into a heterologous viral vector (generally vaccinia or baculovirus) and expressed as the
viral vector replicates (Belshe, R.B.. 1999). These vectors produce the influenza proteins efficiently in
cell culture, allowing production of vaccine in just two to three months, compared to the six months
needed by the current procedures. The effectiveness of such vaccines is currently under evaluation.
A list of vaccine manufacturers is available from WHO (see Influenza vaccine manufacturers (World
Health Organization)).
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Intranasal Immunization with Live and Inactivated Vaccines

Injection-free live vaccines are being developed with the goal of improving vaccine acceptance. Live
attenuated influenza vaccine (LAIV) may mimic natural infection better than other types of vaccines
and this type of vaccine is potentially able to induce a mucosal as well as a systemic immune

response (Paotter, C.W. and Jennings. R.. 1999).
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Intranasally administered, cold-adapted, live attenuated vaccines have been used for some time in
Russia. These viruses replicate in the respiratory tract and can elicit a specific protective immune
response. They were shown to induce minimal symptoms and to replicate poorly because of
temperature sensitivity. Multiple doses and greater concentrations of antigens are likely to be
needed for intranasal vaccines, but they can stimulate a better local IgA response than traditional

vaccines given by injection (Potter, C.W. and Jennings, R., 1999).

The trivalent vaccine FluMist can be self-administered nasally, gives good immunity and does not
require injection. It contains live, cold-adapted, attenuated influenza virus. Data from the second
year of a phase Il efficacy trial have confirmed that FluMist provided 86% protection against the
predominant strain of influenza. FluMist is delivered to the upper airway, the natural port of entry for
the influenza virus. FluMist was introduced in the U.S., its first market, in 2003. It can be used in
children as young as two years. During the influenza A(H1N1) 2009 pandemic, a specific
monovalent LAIV formulation was successfully developed and approved for use in the U.S.
government-run vaccination campaign.

A study comparing the efficacies of licensed inactivated influenza vaccine and live attenuated
influenza vaccine during the 2007-2008 influenza season has concluded that both vaccines
prevented influenza illness, although the inactivated vaccine was more efficacious Monto. A.S. et

al., 2009).
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DNA Vaccines

DNA vaccines for influenza consist of a plasmid containing the genes coding for the desired H and
N, which injected into muscular tissue will express these proteins on the surface of the host cell,



giving rise to humoral and cellular immune responses. DNA vaccines may also be more appropriate
than conventional vaccines for use in a pandemic situation.
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Vaccine Adjuvants

Adjuvants are often added to vaccines to improve delivery and to enhance, accelerate and prolong
a specific immune response to the vaccine. They can also be used to modulate immune responses,
S0 as to optimize desired responses and suppressed unwanted ones. There are several additional
advantages associated with the use of adjuvants in vaccines: they reduce the dose of immunogen
required to stimulate a desired response, decrease the need for or frequency of booster doses and
enhance immune responses in the elderly and other immunocompromised patient populations. For
these reasons, vaccine developers are increasingly incorporating a range of adjuvants into their
vaccines against influenza and other illnesses including infectious, allergic and autoimmune
diseases and cancer (Pichichero, M.E., 2008; Guidelines on adjuvants in vaccines for human use
(EMEA/CHMP/VEG/134716/2004, January 20, 2005)).

Adjuvants can be classified according to their source (natural, synthetic or endogenous),
mechanism of action, or physical or chemical properties. These adjuvants include:

= Mineral salts, e.g., aluminium hydroxide and aluminium or calcium phosphate gels

= Oil emulsions and surfactant-based formulations, e.g., MF59 (microfluidized detergent stabilized oil-in-water
emulsion), QS21 (purified saponin), AS02 (oil-in-water emulsion + MPL + QS-21), Montanide ISA-51, ISA-720 and
ASO03 (stabilized water-in-oil emulsions)

= Particulate adjuvants, e.g., virosomes (unilamellar liposomal vehicles incorporating influenza haemagglutinin),
AS04 ([SBAS4] Al salt with MPL), ISCOMS (structured complex of saponins and lipids), polylactide co-glycolide
(PLG)

= Microbial derivatives (natural and synthetic), e.g., monophosphoryl lipid A (MPL), Detox (MPL + M. Phlei cell wall
skeleton), RC-529 (synthetic acylated monosaccharide), CpG motifs (synthetic oligonucleotides containing
immunostimulatory CpG maotifs), modified LT and CT (genetically modified bacterial toxins to provide non-toxic
adjuvant effects)

= Endogenous human immunomodulators, e.g., hGM-CSF or hlL-12

& Inert vehicles, such as gold particles

MF59 (microfluidized emulsion 59) has been marketed for more than a decade as an adjuvant in
influenza vaccines, and its vaccine-enhancing efficacy and safety are well established in animals as
well as humans chultze, V. et al., 2008; O'Hagan, D.T. et al., 2007). In addition to its use in
conventional flu vaccines, MF59 is also approved in Europe for use in the pandemic flu vaccine
Focetria(R).
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Treatment

Influenza enters its host cell by endocytosis, followed by fusion between the viral membrane and the
endosomal membrane, and dissociation of the internal viral proteins and RNA delivering the
genome into the cytoplasm of the host cell. After replication, progeny virus is released from the host
cell by budding.

Influenza A Viral Replication (Animation) |
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The viral hemagglutinin glycoprotein, a 550-amino acid polypeptide organized in homotrimers
(spikes) on the exterior of the virus patrticle, first binds to receptors containing sialic acid on the cell
surface. The virus is then taken up into endosomes, and when these reach a pH between 5 and 6,
the hemagglutinin changes conformation exposing a conserved domain called "fusion peptide." This
induces the fusion of the viral membrane with the endosomal membrane and the release of the viral
content into the cell. The tetrameric transmembrane protein neuraminidase has an enzymatic
activity required for the efficient release of progeny virus. Another membrane protein, M2, is a
proton channel involved in the dissociation of the virus upon its entry into the host cell. The activities
of these three proteins are the targets for antiviral drugs.
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Drugs marketed for the treatment or prevention of influenza are listed in the table below. For
effective therapeutic treatment, all of these drugs need to be taken early in the course of the
infection (within 48 hours of symptom onset), which is often difficult to realize in view of the rapid
development of the infection.

The four commercially available therapeutic agents are comparable in reducing the duration of
uncomplicated acute illness due to influenza A if treatment begins shortly after onset of symptoms.
If given within 48 hours of onset, they reduce the duration of illness by about 24 hours and
ameliorate fever and other symptoms. None of them have been shown to substantially decrease
complications such as pneumonia and hospitalization.

Marketed antiinfluenza drugs

Drug Name Originator/Licensee Year and country of
first launch

M2 Inhibitors

Amantadine hydrochloride Endo 1964

(Symmetrel)

Rimantadine hydrochloride Forest 1987 (France)
(Flumadine)




Neuraminidase (sialidase) inhibitors

Zanamivir (Relenza) Biota/GlaxoSmithKline 1999 (Australia)
Oseltamivir phosphate Gilead/Roche 1999 (Switzerland)
(Tamiflu)

Peramivir (Rapiacta) BioCryst/Shionogi 2010 (Japan)
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M2 Inhibitors

The antiviral drugs amantadine and rimantadine interfere with the influenza A virus M2 protein, a
membrane ion channel protein, and furthermore inhibit the uncoating of the virus and subsequent
viral replication and shedding. Influenza B viruses lack M2 and therefore are not sensitive to these
drugs. Amantadine and rimantadine are approved for influenza prophylaxis in adults and children
aged one year or more. Amantadine is approved for influenza treatment in adults and children older
than one year, while rimantadine is approved for treatment of adults and children aged 14 years or
older. Neither drug is licensed in Europe. Known side effects of amantadine and rimantadine include
nausea, insomnia, depression and hallucinations (Jefferson, T. et al., 2006).

M2 inhibitors are known to quickly give rise to the emergence of resistant strains (De Clercq. E..
2006). The rapid acquisition of single amino-acid substitutions in the M2 protein results in the
secretion of resistant virus by some 30% of patients treated with adamantanes. Until the 1990s,
however, the rate of resistence among adamantane-naive patients was negligible (Weinstock, D.M.
and Zuccotti, G., 2006). In more recent years, however, viral resistance has become an increasing




concern. In a study conducted by researchers at the Centers for Disease Control and Prevention,
covering the period from 1994 to 2005, a significant increase in adamantane resistance was noted
among viruses isolated in countries around the world, from 0.4% in 1994-1995 to 12.3% in 2002-
2003. Resistance was especially high in Asian countries, in some cases exceeding 60%. These
findings are extremely worrying and suggest that the adamantane class of antiviral drugs will cease
to have any efficacy whatsoever against influenza (Bright. R.A. et al., 2005; Sugrue, R.J. et al.. 2008).
A screening of 209 influenza A viruses (H3N2) isolated early in the 2005-2006 influenza season
from patients in 26 U.S. states indicated that more than 90% of them were resistant to adamantane
drugs. Furthermore, two of eight influenza A (H1N1) viruses also had acquired adamantane
resistance. Resistant viruses were found distributed across the country. The CDC investigators who
conducted and reported the study concluded that adamantanes should not be used at all for the
treatment or prevention of influenza in the U.S. until such time as susceptibility has been
reestablished among circulating viral strains Bright. R.A. et al.. 2006), and in fact the Advisory
Committee for Immunization Practices (ACIP) specifies in its 2007-2008 guidelines that neither
amantadine nor rimantadine should be used for the treatment or prevention of influenza A virus
infection (Lung disease data: 2008 (American Lung Association)). Another meta-analysis of 34 studies
evaluating the efficacy and safety of M2 inhibitors for influenza treatment and prophylaxis has
concluded that the use of these drugs is not supported by currently available evidence (Jefferson, T.
et al., 2006).
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Neuraminidase Inhibitors



The more recently developed neuraminidase (sialidase) inhibitors, represented by the marketed
compounds zanamivir (Relenza) and oseltamivir phosphate (Tamiflu), are analogues of sialic acid.
They were designed on the basis of the three-dimensional structure of the neuraminidase enzyme
(E.C.3.2.1.18) (Calman, P.M., 1994; Varghese, J.N. et al., 1983; Couch, R.B., 2000) and mimic the
natural enzyme substrate. The active site of neuraminidase is highly conserved and is almost
identical in all influenza A and B strains. Those compounds bind only to the most conserved amino
acids in the active site of the viral enzyme neuraminidase. This enzyme cleaves the terminal
neuraminic acid residue on the sialic acid, facilitating the movement of the viral particles through the
infected site. In addition, the cleavage of the sialic acid on the cell membrane is an important step in
the virus release process. Neuraminidase inhibitors, blocking the active site of neuraminidase, leave
uncleaved sialic acid residues on the membrane of the host cells and of the viral envelope. H
proteins of progeny virus bind to the uncleaved sialic acid, and virions aggregate on the membrane
of the infected cell as well as to each other, efficiently blocking the release of virus particles capable
of infecting other cells (Gubareva. L.V. et al., 2000; Moscona. A.. 2005). Furthermore, as viral
neuraminidase may promote or facilitate bacterial superinfection, treatment with compounds in this
class may reduce the likelihood of developing secondary bacterial infections (Glezen, W.P., 2008).

Zanamivir has a guanidine group substituting the 4-hydroxyl group of sialic acid, while oseltamivir
has a large hydrophobic group substituting the glycerol side chain. For this reason zanamivir,
although a potent inhibitor, is a poor oral drug. Its positive charge interferes with gut absorption, and
it must be delivered by inhalation using a special inhalation device (Diskhaler, GlaxoSmithKline).
The drug powder, which deposits in the tracheobronchial tree, is mixed with lactose. This route of
administration makes treatment of very old and very young patients difficult. The drug is safe for use
by patients with asthma and COPD, previously thought to be contraindications for its use
(Stephenson, J., 2000). However, the need for inhalation administration has been the major
impediment to patient acceptance, and use of zanamivir is much lower than oseltamivir (Sugrue, R.J.

et al., 2008).

Oseltamivir is a prodrug, and the ethyl ester form is converted into the active carboxylate by hepatic
esterases. It is active by the oral route, and thus is the drug of choice for both treatment and
prevention of influenza virus infection (Sugrue. R.J. et al.. 2008). In the U.S., oseltamivir has been
approved for influenza prophylaxis in adults and adolescents 13 years and older; in December
2001, FDA approval was broadened to include influenza prophylaxis in children aged 1-12 years. In
the treatment of influenza, zanamivir is not approved for use in children younger than 7 years, while
oseltamivir is available in the U.S. as an oral suspension formulation for the treatment of acute
iliness in children aged one year and older. Oseltamivir is marketed in more than 30 countries
worldwide.

The antiviral activity of the neuraminidase inhibitor drugs is long-lasting and dosing frequency can
thus be reduced to just twice daily. Oseltamivir has been associated with nausea and vomiting,
which are reduced if the drug is taken with food (Hayden, F., 1999). Both have low acute toxicity and
no specific end-organ toxicity. Carcinogenicity studies are negative with zanamivir and have not yet
been reported for oseltamivir, but so far neither shows mutagenic effects Gubareva. L.V. et al.,
2000). Adverse neuropsychiatric side effects have been described for oseltamivir in younger
patients, mainly in Japan, and an FDA advisory committee has recommended stronger warnings on
both product labels.

Taken early in the course of disease, neuraminidase inhibitors are able to shorten disease duration
by 1-3 days, decrease the number and severity of complications (e.g., sinusitis, bronchitis) and
resulting antibiotic consumption, and reduce the risk of transmission to household contacts (Glezen
W.P.. 2008). In the case of oseltamivir, the sooner treatment is begun, the shorter the duration of
fever, the greater the alleviation of symptoms and the faster the recovery e Clercq. E.. 2006). A
2007 Cochrane review concluded that the drugs are effective in shortening disease duration in
otherwise healthy children, and that oseltamivir also reduces the likelihood of secondary
complications in children (Matheson, N.J. et al., 2007). However, a 2009 Cochrane review has
qguestioned the efficacy of neuraminidase inhibitors in preventing complications of influenza in
adults, as well as for preventing spread of disease in a pandemic situation. Independent
randomized trials have been called for in order to clarify this discrepancy (Jefferson, T. et al., 2009).

Unlike M2 inhibitors, which quickly lend to development of resistant viruses, the incidence of
resistance mutations initially appeared to be relatively low in immunocompetent individuals (won
Itzstein, M., 2007; Sugrue, R.J. et al., 2008; Gubareva, L.V., 2004). In early 2007, a report appeared in
the literature describing the emergence of strains of influenza B virus with reduced sensitivity to
neuraminidase inhibitors, detected in a small percentage of Japanese children who had received
treatment with oseltamivir during the 2004-2005 flu season (Hatakeyama, S. et al., 2007). At the




beginning of the 2008-2009 flu season, based on the detection of oseltamivir resistance among
circulating influenza virus in the 2007-2008 flu season and the likelihood that these would persist
(Dharan, N.J. et al., 2009), (CDC issued new guidance for the use of oseltamivir to treat HIN1
viruses in 2008-2009 (nterim recommendations for the use of influenza antiviral medications in the
setting of oseltamivir resistance among circulating influenza A (H1N1) viruses, 2008-09 influenza season
(Centers for Disease Control and Prevention, December 2008)).

Although the therapeutic and prophylactic efficacy of the neuraminidase inhibitors is established in
the case of seasonal, uncomplicated influenza infection, and despite indications of efficacy in vitro
and in animal models of avian and pandemic flu, their clinical efficacy may be limited in patients with
human H5N1 infections. Reasons for the lack of efficacy observed to date include suboptimal
dosing, inappropriate routes of administration, suboptimal timing of treatment and development of
drug resistance. Further studies are needed to determine the role of neuraminidase inhibitors in
treating avian influenza and pandemic influenza (Crusat, M. and de Jong, M.D., 2007).

The World Health Organization has recommended stockpiling of antivirals like oseltamivir, but
despite increased production, the current supply may only cover 2% of the world's population. In an
attempt to palliate this drug shortage, scientists have proposed using a wartime tactic for stretching
penicillin supplies to extend the capacity of oseltamivir. The approach consists of administering the
drug with probenecid, which was shown in a previously published study to completely block
oseltamivir secretion from the kidneys, doubling the time the drug stays in the blood Hill, G. et al.,
2002). With this strategy, only half as much oseltamivir would be needed to get the same
therapeutic effect. At present, probenecid is readily available and used to prolong the exposure to
antibiotics in emergency rooms and in the treatment of syphilis and gonorrhea (Butler, D.. 2005).

In January 2010, the third neuraminidase inhibitor, peramivir, was approved and launched in Japan.
Peramivir is formulated for intravenous infusion, and as such represents an advance in the
treatment of hospitalized patients who are unable take oral or inhaled medications. Other
neuraminidase inhibitors are under investigation, as indicated in the following table.

New neuraminidase inhibitors in development for the
treatment and/or prevention of influenza

Drug Name Organization Status
Laninamivir Daiichi Sankyo Pre-Registered
octanoate

TCAD Adamas Phase 11
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RNA Interference

The discovery of RNA interference (RNAIi) has been heralded as a major scientific breakthrough
that happens once every decade or so, and represents one of the most promising and rapidly
advancing frontiers in biology and drug discovery today. RNAI is a naturally occurring intracellular
process in organisms ranging from plants to mammals by which the selective silencing of specific
MRNAs enables the regulation of gene expression QeVincenzo, J.P.. 2008). By harnessing the
natural biological process of RNAIi occurring in our cells, the creation of a major new class of
medicines, known as RNAI therapeutics, is on the horizon. RNAI therapeutics target the root genetic
cause of diseases by potently silencing specific messenger RNA, thereby preventing the disease-
causing proteins from being made.

Mechanism of Gene Expression Inhibition
Through RNA Interference
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RNAI therapeutics have been shown to have potential in the treatment of influenza and other viral
respiratory infections (DeVincenzo, J.P., 2008). In rodent studies, administration of small interfering
RNAs (siRNASs) specific for conserved regions of influenza virus genes, given either before or after
initiation of virus infection, suppressed the production of virus in the lungs. In mice infected with
influenza A, administration of siRNAs specific for highly conserved regions of the nucleoprotein or
acidic polymerase successfully reduced viral lung titers, and furthermore protected the animals
against lethal challenge with highly pathogenic avian influenza A virus (H5 and H7 subtypes) De
Clerca. E.. 2006). While still in the early stages of development, great hope is being placed in RNA
interference as a potential treatment for influenza virus infection (Sugrue. R.J. et al., 2008).

Drugs based on RNA interference for the treatment of
influenza
Drug Organization Description Status
Name
ALN- Novartis/ Antiviral drug consisting of two | Preclinical
FLUO1 Alnylam small interfering RNAs (siRNAs)
Pharmaceuticals | targeting sequences that are
highly conserved in the flu
genomes
Factor 5A1 | Senesco Small interfering RNA targeting | Preclinical
SiRNA nucleotides 683 - 701 of human
EIF5A cDNA whose sense
sequence is 5' -
GCUGGACUCCUCCUACACATT -
3
STP-702 Sirnaomics Preclinical
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Other Antiviral Agents

Although M2 and neuraminidase are the principal targets for antiinfluenza drugs, structural studies
of the influenza virus have led to the identification of several new and potentially promising



therapeutic targets. These include the hemagglutinin protein, the nonstructural protein NS1A, the
nucleoprotein and the viral polymerase (Krug, R.M. and Aramini, J.M., 2009).
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The negative-strand RNA of influenza viruses cannot function as an mRNA, and thus requires a
specialized viral RNA polymerase capable of producing both the mRNA for viral protein production
and a positive-strand RNA to be used as template to produce copies of the viral genome. The drug
ribavirin (Virazole; Valeant Pharmaceuticals) is capable of inhibiting viral RNA synthesis by blocking
the cellular enzyme inosine 5-monophosphate (IMP) dehydrogenase, involved in guanine
biosynthesis e Clercq. E.. 2006). Although it has been shown effective against influenza in vitro
and in animal models, it has demonstrated only slight and inconsistent prophylactic and therapeutic
effects in oral administration clinical trials. Administration route appears to be an important factor
influencing the antiinfluenza virus activity of ribavirin. While it was ineffective by the oral route,
somewhat better results have been obtained with aerosol and i.v. dosing Pe Clercq, E., 2006;
Sugrue, R.J. et al., 2008).
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Cytotoxic Therapy for Avian Influenza

Swedish and Chinese researchers have theoretically proposed the use of chemotherapy for an
immune system disorder to manage serious cases of HS5N1 avian influenza virus infection.
Researchers presented this hypothesis based on clinical similarities between H5N1 infection and
hemophagocytic lymphohistiocytosis (HLH). Postmortem findings in patients who died of H5N1
infection also revealed hemophagocytosis secondary to infection. Massive hypercytokinemia,
cytopenia and acute encephalitis are some of the clinical features shared by HLH and H5N1
infection. Both primary HLH (inherited disorder) and secondary HLH (usually acquired after an
infection) are characterized by overactivation of T Ilymphocytes and macrophages. The
pharmacological treatment for this immune disorder is established in a protocol that includes
corticosteroids, etoposide, ciclosporin and intrathecal methotrexate. Severe cases of Epstein-Barr
virus-related HLH have been reported to have increased survival following etoposide and
dexamethasone treatment, likely due to the drugs' proapoptotic effect, which might downregulate
the overwhelming inflammatory response. Therefore, a similar approach could be taken to treat
H5N1 infection combined with antiviral and supportive therapy. The authors recommended starting
with dexamethasone doses of 10 mg/m2 and i.v. etoposide at 100 g/m2 weekly for a period of 8
weeks, although shorter treatment might be advised due to differences in duration of infection
between H5N1 and Epstein-Barr virus. The authors suggested it would be ethically justified to use
HLH therapy in H5N1 infected patients with secondary HLH, and also strongly recommend
physicians to report H5N1 cases in which HLH treatment is used (Henter, J.-1. et al., 2006).
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Current Influenza Pipeline

Given the heightened awareness of influenza and the threat of a global pandemic at the present
time, it is not surprising that the pharmaceutical industry is dedicating significant research efforts to
the development of new therapeutics. The following table presents a comprehensive overview of
influenza drugs in the R&D pipeline, including those drugs explained in further detail in the sections
above, as well as other antiviral agents and novel strategies.

Drugs and biologics in development for the treatment
and prevention of influenza

Drug Name Organization Status

CSL-401 CSL Registered

Celvapan Baxter Registered

Fluad-H5N1 Novartis Vaccines and Registered

Diagnostics

Fluval H5N1 OMNINVEST Registered

GSK-1119711A GlaxoSmithKline Registered

Grippol Plus Solvay Registered

Influenza A GlaxoSmithKline Registered

(HIN1)

monovalent

vaccine

Influvac TC Solvay Registered

Intradermal sanofi pasteur Registered

seasonal flu

vaccine

Pandemrix GlaxoSmithKline Registered

(H5N1)

Panflu (H5N1) Sinovac Registered




Prepandemic GlaxoSmithKline Registered

influenza

vaccine (H5N1)

680072 Jiangsu Yanshen Registered
Biological

673657 Hualan Biological Bacterin | Registered

H5N1 pandemic Biken/ Kitasato Institute/ | Pre-Registered

influenza Denka

vaccine

HIN2 avian Novartis Vaccines and Pre-Registered

influenza Diagnostics

vaccine

Humenza sanofi pasteur Pre-Registered

Laninamivir

Daiichi Sankyo

Pre-Registered

octanoate
UMN-0502 Protein Sciences Pre-Registered
Favipiravir Toyama Phase 111
GC-501 Green Cross Phase Il
GSK-1557484A GlaxoSmithKline Phase Il
GSK-2186877A GlaxoSmithKline Phase Il
GSK-2340269A GlaxoSmithKline Phase 111
GSK-2340272A GlaxoSmithKline Phase 111
GSK-2340273A GlaxoSmithKline Phase Il
GSK-2340274A GlaxoSmithKline Phase Il
GSK-576389A GlaxoSmithKline Phase Il
MEDI-8662 Medlmmune Phase Il
Pre-pandemic Novartis Vaccines and Phase Il
MES59- Diagnostics
adjuvanted
H5N1 vaccine
VCIv Baxter Phase 111
660702 Novavax Phase Il
MEDI-3250 Medlmmune Phase 11/111
CSL-412 CSL Phase 11
DAS-181 NexBio Phase Il
EluCell sanofi pasteur/ Crucell Phase 11
FluNhance Protein Sciences Phase 11
Fluzone/JVRS- Juvaris Phase Il
100
GHB-1111 Avir Green Hills Phase Il
Biotechnology
GSK-2321138A GlaxoSmithKline Phase Il
Interferon alfa Amarillo Biosciences Phase 11
JVRS-100 Juvaris Phase 11
MVA-NP+M1 University of Oxford Phase 11
Nitazoxanide Romark Phase Il
TCAD Adamas Phase I
UMN-0501 UMN Pharma Phase Il




VAX-125 Vaxlnnate Phase I

394549 sanofi pasteur Phase II

463263 Intercell USA Phase Il

426173 Solvay/ Norwood Phase II
Immunology

460762 Sinovac Phase II

430974 Novavax Phase Il

678336 sanofi-aventis Phase Il

434372 Novavax Phase I

AVX-502 AlphaVax Phase 1/11

BVX-M001 BiondVax Phase I/11
Pharmaceuticals

Flagellin.HuM?2e Vaxlnnate Phase I/11

Human HemispheRx Phase 1/11

leukocyte

interferon alpha

PUR-003 Pulmatrix Phase I/11

VaxiSome- NasVax Phase I/11

Influenza

423250 Baylor College of Medicine | Phase I/11
(BCM)

665575 Vaxine Phase I/11

683625 Eurocine Phase I/11

473074 Nat. Inst. Allergy & Phase I/11
Infectious Dis.

424477 Vaxine Phase I/11

ADNVN1203/04.H5 Vaxin Phase |

Ad4-H5-Vtn PaxVax Phase |

Agrippal-1C31 Novartis/ Intercell Phase |

Flagellin.HuHa/flagellin.AvHA Vaxlnnate Phase |

Fluvacc Avir Green Hills Phase |
Biotechnology

Fluzone/Vaxfectin Vical Phase |

GBH-04L1 Avir Green Hills Phase |
Biotechnology

GHB-01L1 Avir Green Hills Phase |
Biotechnology

GSK-2115160A GlaxoSmithKline Phase |

H6N1-Teal-HK Nat. Inst. Allergy & Phase |

97/AA Infectious Dis.

H7N3 BC Nat. Inst. Allergy & Phase |

2004/AA ca Infectious Dis./
MedImmune

HN-VAC Bharat Biotech Phase |

LEAPS-HIN1 Cel-Sci Phase |

M2e-HBc sanofi-aventis/ Acambis Phase |

NB-1008 NanoBio Phase |

PER.C-flu sanofi pasteur/ Crucell Phase |




Qs-21 Acambis Phase |
SCH-900795 BioDiem/ Nobilon Phase |
V-512 Merck & Co. Phase |
VCL-IPM1 Vical Phase |
VCL-IPT1 Vical Phase |
VRC- Nat. Inst. Allergy & Phase |
AVIDNA036-00- Infectious Dis.
ypP
VRC- Nat. Inst. Allergy & Phase |
FLUDDNAOQO56- Infectious Dis.
00VvP
VRC- Nat. Inst. Allergy & Phase |
FLUDDNAOQ57- Infectious Dis.
00-VP
VRC- Nat. Inst. Allergy & Phase |
FLUDNAQ47-00- Infectious Dis.
VP
655089 University of Bergen Phase |
649281 Baxter Phase |
646010 sanofi pasteur Phase |
427488 Generex Phase |
468374 US Department of Health Phase |
& Human Services
463293 Medicago Phase |
Adimflu-S ADImmune Clinical
(A/HIN1)
BTL-TML-001 Beech Tree Labs IND Filed
GelvVac DelSite IND Filed
VGX-3400 VGX Pharmaceuticals IND Filed
4SC-301 4SC Preclinical
ALN-FLUO1 Novartis/ Alnylam Preclinical
Pharmaceuticals
ANX-201 Adventrx Pharmaceuticals | Preclinical
AP205-M2 Cytos Biotechnology Preclinical
ATI-0655 Arisyn Therapeutics Preclinical
CEL-1000 Cel-Sci Preclinical
CR-6261 Crucell Preclinical
EP-1400 Affitech Preclinical
EV-075 Evolva Preclinical
F-10 Xoma Preclinical
F10-1gG1 Dana-Farber Cancer Preclinical
Institute
FLU-v PepTcell Preclinical
Factor 5A1 Senesco Preclinical
SiRNA
FluCide NanoViricides Preclinical
FluCide-HP NanoViricides Preclinical
FluCide-I NanoViricides Preclinical




G1-8000 Globelmmune Preclinical
Homspera University of Pittsburgh Preclinical
L-M2eA Molecular Express Preclinical
LG-611 Lentigen Preclinical
M2e/NP-1SS Dynavax Preclinical
MCT-465 MultiCell Technologies Preclinical
MG-1109 Green Cross/ Mogam Preclinical
Biotechnology Research
Institute
NB-006 NanoBio Preclinical
NP-1SS/M2e- Dynavax Preclinical
1SS
REP-2031 REPLICor Preclinical
Replikins HIN1 Replikins Preclinical
Swine Flu
Vaccine
Replikins H5N1 Replikins Preclinical
Bird Flu vaccine
Replikins PanFlu Replikins Preclinical
vaccine
Replikins Replikins Preclinical
Transflu
Rintatolimod HemispheRx Preclinical
SB-001 StormBio Preclinical
SB-002 StormBio Preclinical
SB-003 StormBio Preclinical
STP-702 Sirnaomics Preclinical
StatC Canopus BioPharma Preclinical
SynCom Inovio Biomedical Preclinical
Univ_ersal flu
vaccine
SynCon H1N1 Inovio Biomedical Preclinical
TG-21 Obio Pharmaceutical Preclinical
Terameprocol Erimos Preclinical
VLI-03A VectorlLogics Preclinical
656331 Novavax Preclinical
448976 Medlmmune Preclinical
667456 Medicago Preclinical
628652 Vaxart Preclinical
649740 iBioPharma Preclinical
654231 LigoCyte Preclinical
677378 Nat. Inst. Allergy & Preclinical
Infectious Dis.
665813 AlphaVax Preclinical
663747 Vical Preclinical
677762 NasVax Preclinical
681702 NanoBio Preclinical




420795 DelSite Preclinical
639397 iBioPharma Preclinical
654232 LigoCyte Preclinical
665334 Pevion Preclinical
452409 LigoCyte Preclinical
468744 Juvaris Preclinical
426415 CytoGenix Preclinical
648869 Vivaldi Preclinical
684069 Vaxlnnate Preclinical
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Links to Related Web Sites

American Lung Association
http://www.lungusa.org

Center for Infectious Disease Research & Policy
http://www.cidrap.umn.edu/index.html

Centers for Disease Control and Prevention (CDC) Flu in the United States
http://www.cdc.gov/flu

Centers for Disease Control and Prevention (CDC) weekly influenza summary update
http://www.cdc.gov/flu/weekly

European Scientific Working Group on Influenza
http://www.eswi.org

Global Initiative on Sharing Avian Influenza Data (GISAID)
http://platform.gisaid.org

National Foundation for Infectious Diseases
http://www.nfid.org

National Institute of Allergy and Infectious Diseases
http://www.niaid.nih.gov/default.htm

PLoS Currents: Influenza
http://knol.google.com/k/plos/plos-currents-influenza/28gm4w0q65e4w/1%23#

WHO influenza surveillance program
http://www.who.int/csr/disease/influenza/influenzanetwork/en




WHO influenza web pages
http://www.who.int/csr/disease/influenza/en

Links to Selected Publications

Lung disease data: 2008 (American Lung Association)
http://www.lungusa.org/assets/documents/publications/lung-disease

-data/LDD_2008.pdf

New England Journal of Medicine: HIN1 Influenza Center
http://h1nl.nejm.org/

Special report: Bird flu (at NewScientist.com)
http://www.newscientist.com/channel/health/bird-flu

The global economic and financial impact of an avian flu pandemic and the role of the IMF (International
Monetary Fund, February 28, 2006)
http://www.imf.org/external/pubs/ft/afp/2006/eng/022806.htm

Web Focus on Avian Flu (at Nature.com)
http://www.nature.com/nature/focus/avianflu/index.html

Journals on the Web

Bethell, R. and Smith, P.
Recent developments in sialidase inhibitors for the treatment of influenza

Drugs Fut 1998, 23(10): 1099

Liu, A-L. et al.
Neuraminidase as a target for drugs for the treatment of influenza

Drugs Fut 2005, 30(8): 799

Roose, K. et al.
Pandemic preparedness: Toward a universal influenza vaccine
Drug News Perspect 2009, 22(2): 80

Links to Webcasts

Interview with Dr. Frederick Hayden on antiviral resistance in influenza viruses (New England Journal of
Medicine, February 2006)
http://content.nejm.org/cgi/content/full/354/8/785/DC1

Interview with Dr. Michael Osterholm on preparing for an influenza pandemic (New England Journal of
Medicine, May 2005)
http://content.nejm.org/cgi/content/full/352/18/1839/DC1

Interview with Dr. Robert Belshe on the origins of pandemic influenza (New England Journal of Medicine,
November 2005)

http://content.nejm.org/cgi/content/full/353/21/2209/DC1

New York Academy of Sciences eBriefing: Flu preparedness - Lessons learned, action plans & new
directions

http://www.nyas.org/flu

New York Academy of Sciences eBriefing: Human swine flu (HLN1) and novel influenza pandemics
http://www.nyas.org/Publications/Ebriefings/Detail.aspx?cid=d48b4
f6e-74a0-4cd8-a0eb-8c831c020d78

Links to Guidelines



Antiviral therapy and prophylaxis for influenza in children (American Academy of Pediatrics, Committee
on Infectious Diseases, 2007)

http://pediatrics.aappublications.org/cgi/reprint/119/4/852

ASID/TSANZ guidelines: treatment and prevention of HIN1 influenza 09 (human swine influenza) with
antiviral agents (Australasian Society for Infectious Diseases/Thoracic Society of Australia and New
Zealand, June 2009)

http://www.mja.com.au/public/rop/cheng/chel0661_fm.html

Clinical data needed to support the licensure of seasonal inactivated influenza vaccines (Food and Drug
Administration, May 2007)

http://www.fda.gov/cber/gdins/trifluvac.htm

Guidance for industry: Clinical data needed to support the licensure of trivalent inactivated influenza
vaccines (Food and Drug Administration, May 2007)
http://www.fda.gov/cber/gdins/trifluvac.pdf

Guidance for industry: Clinical data needed to support the licensure of pandemic influenza vaccines (Food
and Drug Administration, May 2007)
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegul

atorylnformation/Guidances/Vaccines/ucm074786.htm

Guideline on submission of marketing authorisation applications for pandemic influenza vaccines through
the centralized procedure (European Agency for the Evaluation of Medicines for Human Use, April 2004)
http://www.emea.europa.eu/pdfs/human/vwp/498603en.pdf

HHS pandemic influenza plan (U.S. Department of Health and Human Services, November 2005)
http://www.hhs.gov/pandemicflu/plan/pdf/HHSPandemiclnfluenzaPlan.pdf

Human infection with pandemic (H1N1) 2009 virus: Updated interim WHO guidance on global surveillance
(World Health Organization, July 10, 2009)
http://www.who.int/csr/disease/swineflu/guidance/surveillance/WHO
_case_definition_swine_flu_2009_04_29.pdf

Influenza vaccination of health-care personnel. Recommendations of the Healthcare Infection Control
Practices Advisory Committee and the Advisory Committee on Immunization Practices (Centers for
Disease Control and Prevention, December 2005)

http://www.cdc.gov/mmwr/pdf/rr/rr55e209.pdf

Oseltamivir, amantadine (review) and zanamivir for the prophylaxis of influenza (National Institute for
Health and Clinical Excellence, September 2008)
http://www.nice.org.uk/nicemedia/pdf/TA158Guidance.pdf

Pandemic influenza preparedness and response - WHO guidance document (World Health Organization,
April 2009)
http://www.who.int/csr/disease/influenza/PIPGuidance09.pdf

Policy statement: Reduction of influenza burden in children (American Academy of Pediatrics, December
2002)
http://aappolicy.aappublications.org/cgi/reprint/pediatrics;110/6/1246.pdf

Prevention and control of seasonal influenza with vaccines: Recommendations of the Advisory Committee
on Immunization Practices (ACIP), 2009
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5808al.htm

Prevention of influenza: Recommendations for influenza immunization of children, 2008-2009 (American
Academy of Pediatrics, Committee on Infectious Diseases, November 2008)

http://aappolicy.aappublications.org/cgi/content/abstract/pediatrics;122/5/1135

Recommended composition of influenza virus vaccines for use in the 2010 southern hemisphere influenza
season (World Health Organization, September 2009)

http://www.who.int/csr/disease/influenza/200909 Recommendation.pdf



Seasonal influenza in adults and children--Diagnosis, treatment, chemoprophylaxis, and institutional
outbreak management: Clinical practice guidelines of the Infectious Diseases Society of America (2009)
http://www.journals.uchicago.edu/doi/pdf/10.1086/598513

Use of influenza A (H1N1) 2009 monovalent vaccine (Advisory Committee on Immunization Practices,
August 21, 2009)
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr58e0821al.htm?s_cid=rr58e0821al_e

Using live, attenuated influenza vaccine for prevention and control of influenza. Supplemental
recommendation of the Advisory Committee on Immunization Practices (2003)

http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5213al.htm

WHO guidelines for pharmacological management of pandemic (H1N1) 2009 influenza and other influenza
viruses (World Health Organization, August 20, 2009)
http://www.who.int/csr/resources/publications/swineflu/h1nl_guide

lines_pharmaceutical_mngt.pdf

WHO rapid advice guidelines on pharmacological management of humans infected with avian influenza A
(H5N1) virus (World Health Organization, May 2006)
http://www.who.int/csr/disease/avian_influenza/guidelines/pharmam

anagement/en/index.html



