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Ideal Dengue Vaccine
Candidate

e Tetravalent

e Low reactogenicity

e Life-long Immunogenicity

e Minimal or no repeat
Immunizations

e Economical

Challenges in Dengue
Vaccines development

Vaccine factor: interference of tetravalent live
vaccines

Agents factor: involve in several countries in the
world

Host factor: wide spectrum of ages

Safety: theoretical potential for immune
enhanced disease (ADE/DHF)

How to evaluate Vaccine:

- Immunogenicity: no surrogate marker of
protection

- Efficacy: most of infection is mild disease

Dengue vaccine



Dengue Vaccine Currently in Clinical Trials

Vaccine candidate Approach

Dengvaxia (Chimerivax)

Live Attenuated rDEN A30

DENVax

DEN-80E

Purified inactivated
D1ME-VR-P

Chimeric viruses YF 17D

Back bone

Combination mutations:
deletions and chimeras
Chimeric viruses DENV2
PDK 53 Backbone
Recombinant subunit E
produced in insect cells
Inactivated

DNA vaccine comprising

Developer/partner Clinical
Trial Phase
Sanofi Pasteur 3

Licensed: Brazil, El Salvador, Mexico, Paraguay,

Philippines, Thailand, Indonesia...18 countries

NIAID LID/Butantan, Biological E, 3
Panacea, VaBiotech

CDC/Takeda 3
Hawaii Biotech/Merck 1,2
GSK/FIOCRUZ 2

US Naval Medical Research Center

prM / E genes, CMV promoter



Dengue Vaccine

e | Ive-attenuated vaccine

— Classical cell passage

— Genetically modified
e Chimerix: CYD, TDV (DENVax)
e Gene deletion: rDEN A30

e |nactivated vaccine

— Whole virus
— Subunit

e DNA vaccine



Historical Dengue Vaccine in Clinical Trials
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Phase | live attenuated tetravalent dengue trial in adult: an
Important step for dengue vaccine development (DEN04198)
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SAFETY AND IMMUNOGENICITY OF TETRAVALENT LIVE-ATTENUATED
DENGUE VACCINES IN THAI ADULT VOLUNTEERS: ROLE OF SEROTYPE
CONCENTRATION, RATIO, AND MULTIPLE DOSES

ARUNEE SABCHAREON, JEAN LANG, PORNTHEP CHANTHAVANICH, SUTEE YOKSAN, REMI FORRAT,
PHANORSI ATTANATH, CHUKIATE SIRIVICHAYAKUL, KRISANA PENGSAA, CHANATHEP POJJARUEN-ANANT,
WATCHAREE CHOKEIINDACHAL ACHARA JAGSUDEE, JEAN-FRARCOIS SALUZZO, axn
NATTH BHAMARAPRAVATI

Vaccine Trial Centre, Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand; Aventis Pasteur, Lyon, France; Centre
for Vaccine Development, Institute of Sciences and Technology for Research and Development, Mahidol University at Salava,
Nakhonpathom, Thailand; Army Institute of Pathology, Bangkok, Thailand

Abstract. - Dengue fever, caused by four serotypes of a mosquito-borne virus, is a growing problem in tropical
countries. Currently, there is no treatment or vaccine. We evaluated safety and immunogenicity of two doses, given six
months apart, of seven formulations of dengue tetravalent live-attenuated vaccine (containing different concentrations
of the component viruses) versus placebo in 39 flavivirus-seronegative Thai adults. The first dose was the more reac-
togenic. Most volunteers experienced clinically moderate fever, headache, myalgia, eye pain or rash 7-11 days after
injection, generally lasting three days or less. Modest decreases in platelets and neutrophils were observed. After one
dose, 38% of dengue recipients seroconverted (neutralizing antibody level = 1:10) against = 3 serotypes; 33% sero-
converted against all four. After the second dose, seroconversion was 76% and 71%, respectively. All subjects sero-
converted to serotype 3 after one dose. Serotype 4 elicited the lowest primary response but the highest increase in
seroconversion after the second dose.



Safety and Immunogenicity after
Tetravalent Live-attenuated
Dengue Vaccine in Thai Children
(DEN 06199)




Safety and Immunogenicity after

Tetravalent Live-attenuated % Systemic AE after each dose
Dengue Vaccine in Thai Children (100 naive dengue subjects 5-12 yr old)
(DEN 06199)
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Feuil1

		Booster

				Any		Induration		Erythema		Pain		Warmth		Oedema		Pruritus		Hematoma

		F3212		12.1		9.1		6.1		3		0		0		0		0

		F3313		15.8		13.2		10.5		10.5		2.6		0		0		0

		PVRV		5.3		0		5.3		5.3		0		0		0		0

		First Dose

				Any		Induration		Erythema		Pain		Warmth		Oedema		Pruritus		Hematoma

		F3212		67.5		47.5		27.5		22.5		7.5		12.5		2.5		2.5

		F3313		35.7		16.7		11.9		9.5		2.4		4.8		2.4		2.4

		PVRV		52.4		14.3		23.8		14.3		14.3		4.8		4.8		0

		2nd Dose

				Any		Induration		Erythema		Pain		Warmth		Oedema		Pruritus		Hematoma

		F3212		41		23.1		5.1		12.8		7.7		15.4		2.6		0

		F3313		15		0		2.5		10		2.5		2.5		0		0

		PVRV		38.1		4.8		14.3		23.8		0		0		4.8		0

		Booster

				Any		Fever		Headache		Abd pain		Vomiting		Nausea		Anorexia		Malaise		Eye pain		Myalgia

		F3212		63.6		54.5		21.2		15.2		9.1		9.1		3		3		0		0

		F3313		42.1		36.8		0		2.6		0		0		0		0		2.6		0

		PVRV		42.1		31.6		15.8		0		0		0		5.3		0		0		10.5

		First Dose

				Any		Fever		Headache		Abd pain		Vomiting		Nausea		Anorexia		Malaise		Eye pain		Myalgia		Arthralgia		Asthenia		Chills		Conjunctivitis		Coughing		Photophobia		Macular Rash		Papular Rash		Petechiae		Pruritus

		F3212		90		65		55		12.5		7.5		17.5		10		7.5		10		27.5		10		2.5		2.5		2.5		15		5		67.5		20		2.5		20

		F3313		78.6		59.5		42.9		7.1		0		4.8		4.8		2.4		4.8		16.7		2.4		0		4.8		4.8		4.8		7.1		57.1		23.8		2.4		16.7

		PVRV		38.1		19		28.6		4.8		0		0		4.8		4.8		0		4.8		0		0		0		0		0		0		0		0		0		4.8

		2nd Dose

				Any		Fever		Headache		Abd pain		Vomiting		Nausea		Anorexia

		F3212		10.2		5.1		5.1		0		2.6		2.6		2.6

		F3313		7.5		2.5		5		2.5		0		0		0

		PVRV		0		0		0		0		0		0		0
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Safety and Immunogenicity after
Tetravalent Live-attenuated
Dengue Vaccine in Thai Children

(DEN 06199)
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Safety and Immunogenicity after
Tetravalent Live-attenuated
Dengue Vaccine in Thai Children
(DEN 06199)
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Safety and Immunogenicity after
Tetravalent Live-attenuated
Dengue Vaccine in Thai Children
(DEN 06199)
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Safety and Immunogenicity after
Tetravalent Live-attenuated
Dengue Vaccine in Thai Children
(DEN 06199)

Pediatr Infect Dis J, 2004;23:00-109
Copyright © 2004 by Lippincott Williams & Wilkins, Ine.

Vol. 28, No. 2
Prinded in U.S.A.

Safety and immunogenicity of a three dose
regimen of two tetravalent live-attenuated
dengue vaccines in five- to twelve-year-old Thai

children

ARUNEE SABCHAREON, MD, JEAN LANG, MD, PHD, PORNTHEP CHANTHAVANICH, MDD,

SUTEE YOKSAN, MD, PHD, REMI FORRAT, MD, PHANORSI ATTANATH, MSC, CHUKIATE SIRIVICHAYAKUL, MD,
ERISANA PENGSAA, MD, CHANATHEFP POJJAROEN-ANANT, MSC, LAURENT CHAMBEONNEAU, MSC,
JEAN-FRANCOIS SALUZZO, PHD AND NATTH BHAMARAFPRAVATI, MD, DSC

Objective. The safety and immunogenicity of
tetravalent live-attenuated dengue vacecines af-
ter a three dose vaccination series were evalu-
ated in Thai children.

Method. One hundred three healthy flavivirus-
seronegative schoolchildren ages 5 to 12 years
were randomized to receive either dengue vac-
cine containing 3, 2, 1 and 2 log,, of the 50% cell
culture infective dose, respectively, of the live-
attenuated dengue vaceine serotypes 1, 2, 3 and 4
per dose (F3212; n = 40) or 3, 3, 1 and 3 log,, of the
50% cell culture infective dose (F3313; n = 42) or
purified Vero cell rabies vaccine (control group;

Dose 1. After the third dose 89% of the subjects in
Group F3212 seroconverted (neutralizing anti-
body response, =10) to all four serotypes, and all
children in Group F3313 seroconverted.
Conclusion. This study demonstrates a moder-
ate although improvable reactogenicity and high
seroconversion rates against the four serotypes
of dengue after a three dose schedule of tetrava-
lent live-attenuated dengue vaccine in children.

INTRODUCTION
Dengue fever (DF), and especially the more severe

dengue hemorrhagic fever (DHF), is a major globa
1 mmrmnad e
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SUMMARY RESULTS

- 90 — 100% seroconversion to all
dengue serotypes after 3-injection

- F2 (3313) vaccine has a better safety
profiles and elicits a higher immune
response.



ChimerivVax™ Vaccine

s Collaboration with Acambis (Cambridge UK/US) since 1998

+» Live attenuated chimeric virus derived from a YF 17D virus with genes encoding for

the premembrane (prM) and envelope (E) proteins of each dengue serotype and
produced on Vero cells

Yellow fever 17D genome cloned as cDNA
5’ mzm 3’

CodE— v EENIEER Exchange coat protein genes

of dengue, JE, etc.
5[] [Non-structuralgenes ] 3

Chimeric cDNA —> transcribe to RNA

51

31

Transfect mMRNA Envelope is heterologous virus
gntaining immunizing antigens

: RNA replicative
Grow virus ‘engine’ is YF 17D

in cell culture




ChimerivVax™ Vaccine

Previous Studies

or YF primed)
N=48

Phase Code Populations Country Status
Non-endemic trial I CYDO1 Adults (18-40y) US Completed
monovalent n=56 FV naive 2002
Non-endemic trial I CYDO02 Adults (18-40y) us Completed
tetravalent n=99 FV naive 2005
Non-endemic trial Ila CYDO4 Adults (18-45y) us Completed
tetravalent n=66 FV naive 2007
Endemic trial I CYDO5 Adults (18-45y) n=18 Philippines Completed
(Flavivirus naive and tetravalent Adoles (12-17y) n=36 Den-++/- 2008
positive) Children (2-11 y) n=72
N=126
Non-endemic trial I CYDO6 Adults (18-45y) n=18 Mexico Completed
(mainly Flavivirus tetravalent Adoles (12-17 y) n=36 Den+/-- 2008
naive) Children (2-11y) n=72
N=126
Non-endemic trial I CyD10 Adults (18-40y) Australia Completed
Tetravalent (D|V12 Tl’lal, VDVl, VDV2 FV naive 2007




ChimerivVax™ Vaccine

Safety: Post-Dose 1 of Dengue vs Control vaccine
(% adverse events)

DV Placebo DV Typh DV YF
(n=33) (n=33) (n=84) (n=42) (n=84) (n=42)
84.8 66.7 79.8 95.2 72.6 66.7
81.8 60.6 65.5 92.9 60.7 52.4
18.2 15.2 29.8 83.3 32.1 21.4
78.8 57.6 60.7 52.4 50.0 42.9
0 0 0 0 1.2 0
15.2 6.1 0 2.4 7.1 0

» Safety profile overall comparable to the control groups
» Most of Adverse Reactions are mild to moderate, and transient
» Few severe reactions occurred - transient solicited reactions or CPK elevation
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CYDO04 US: Safety and immunogenicity after
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3-doses

		%SP

		0-4/4,5-12/15

				Serotype 1		Serotype 2		Serotype 3		Serotype 4		All 4 serotypes

		WHO strain		100		100		100		100		100

		GMT

				WHO strain		Pre-WHO		Post-WHO

		Serotype 1		67.1		13.8		17.3

		Serotype 2		538		258		497

		Serotype 3		122		45.8		72

		Serotype 4		154		59.5		96

		Safety

				Dengue vaccine		Placebo

		Any adverse reaction		72.7		60.6

		Injection site reaction		21.2		15.2

		Systemic reaction		66.7		57.6
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2-doses

				17.3		13.8
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				96		59.5
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		%SP

		0-8/10

				Serotype 1		Serotype 2		Serotype 3		Serotype 4		All 4 serotypes

		Mahidol strain		96.2		96.2		92.3		92.3		80.7

		WHO strain		92.3		100		100		100		92.3
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Two-dose schedule (M0-8/10)
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		Serotype 2		538		258		497

		Serotype 3		122		45.8		72
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		%SP

		0-8/10

				Serotype 1		Serotype 2		Serotype 3		Serotype 4		All 4 serotypes

		Mahidol strain		96.2		96.2		92.3		92.3		80.7

		WHO strain		92.3		100		100		100		92.3
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ChimeriVax™ Vaccine

% Subjects

Post-Dose 1 Viremia - YF-RT-PCR
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CYD phase 1l: Safety

First Dose

“*Viremia more frequently detected in adults/ados
+2 CYD vaccinated subjects had viremia level
= LLOQ (maximum level 2.3 log10 pfu/mL)
“*No samples were positive in Plaque assay
% Serotype 4 most detected followed by serotype 3

Second Dose

%2 CYD vaccinated subjects had viremia level

= LLOQ (maximum level 1.8 log10 pfu/mL)
“*No samples were positive in Plaque assay
“* Serotype 4 only detected

Third Dose

“*No vaccinated subjects had viremia level
= LLOQ
“*No samples were positive in Plaque assay
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CYD05 Dose1 CYD Grp

		

		CYD05 Trial

		ChimeriVax Dengue TV group

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		4.2		0		0

		Day 7		25		20.8		12.5		4.2

		Day 14		0		8.3		16.7		4.2

		Day 7 and/or Day 14		25		25		25		8.3

		Viremia >LLOQ		0		2 (max 2,3)		0		0

		Voir si les mêmes sujets ont une virémie à Day 7 et Day 14

		CYD-RT-PCR Detected Viremia

		Adults

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		2		3

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Adolescents

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		1		0		0		0		1

		Day 7		0		0		1		3		5

		Day 14		0		0		1		1		2

		Plaque assay		0		0		0		0

		Children [6-11]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		1		0		2		3

		Day 14		0		1		1		2		4

		Plaque assay		0		0		0		0

		Children [2-5]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		1		1

		Day 14		0		0		0		0		1

		Plaque assay		0		0		0		0
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Child [2-5]
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Post-Dose 1 Viremia - YF-RT-PCR
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CYD1

CYD2

CYD3

CYD4

Nb subjects

CYD05-Post-Dose 1 CYD-RT-PCR (Adults)



CYD05 Dose2

		



CYD1

CYD2

CYD3

CYD4

Nb subjects

CYD05-Post Dose 1 CYD-RT-PCR (Ado)
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CYD2
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CYD4

Nb subjects

CYD05-Post Dose 1 CYD-RT-PCR (Child 6-11)



Feuil2

		



CYD1

CYD2
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Nb subjects

CYD05-Post Dose 1 CYD RT-PCR (child 2-5)
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		CYD06 Trial

		YF Vaccine group

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		0		0		0

		Day 7		0		0		0		0

		Day 14		0		0		0		0

		Day 7 and/or Day 14		0		0		0		0
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Adults

Adolescents

Child [6-11]

Child [2-5]

% Subjects

CYD06-Post-Dose 1 Viremia (YF-RT-PCR) in YV vaccine grp
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		CYD05 Trial

		ChimeriVax Dengue TV group - Dose 2

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		0		0		0

		Day 7		0		0		12.5		4.5

		Day 14		0		0		0		4.5

		Day 7 and/or Day 14		0		0		12.5		9.1

		Viremia >LLOQ		0		0		2 (max 1,8)		0

		CYD-RT-PCR Detected Viremia

		Adults

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Adolescents

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		1		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Children [6-11]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		2		3

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Children [2-5]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		1		1

		Day 14		0		0		0		1		1

		Plaque assay		0		0		0		0
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Child [2-5]
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Post-Dose 2 Viremia - YF-RT-PCR
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CYD05-Post Dose 1 CYD-RT-PCR (Child 6-11)
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CYD2
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CYD4

Nb subjects

CYD05-Post Dose 1 CYD RT-PCR (child 2-5)



		

		CYD06 Trial

		ChimeriVax Dengue TV group

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		0		0		4.5

		Day 7		0		0		8.3		13.6

		Viremia >=LLOQ		0		0		0		0

		CYD-RT-PCR Detected Viremia

		Adults

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Adolescents

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		1		2

		Day 14		0		0		0		0		1

		Plaque assay		0		0		0		0

		Children [6-11]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		1

		Plaque assay		0		0		0		0

		Children [2-5]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0
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CYD05-Post-Dose 3 Viremia (YF-RT-PCR) in CYD Dengue vaccine grp
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CYD06-Post Dose 2 CYD-RT-PCR (Child 6-11)
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CYD06-Post Dose 2 CYD RT-PCR (child 2-5)
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		CYD05 Trial

		ChimeriVax Dengue TV group

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		4.2		0		0

		Day 7		25		20.8		12.5		4.2

		Day 14		0		8.3		16.7		4.2

		Day 7 and/or Day 14		25		25		25		8.3

		Viremia >LLOQ		0		2 (max 2,3)		0		0

		Voir si les mêmes sujets ont une virémie à Day 7 et Day 14

		CYD-RT-PCR Detected Viremia

		Adults

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		2		3

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Adolescents

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		1		0		0		0		1

		Day 7		0		0		1		3		5

		Day 14		0		0		1		1		2

		Plaque assay		0		0		0		0

		Children [6-11]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		1		0		2		3

		Day 14		0		1		1		2		4

		Plaque assay		0		0		0		0

		Children [2-5]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		1		1

		Day 14		0		0		0		0		1

		Plaque assay		0		0		0		0
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Adults
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Child [6-11]

Child [2-5]

% Subjects

Post-Dose 1 Viremia - YF-RT-PCR
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CYD1
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CYD4

Nb subjects

CYD05-Post-Dose 1 CYD-RT-PCR (Adults)
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CYD05-Post Dose 1 CYD-RT-PCR (Ado)
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Nb subjects

CYD05-Post Dose 1 CYD-RT-PCR (Child 6-11)
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Nb subjects

CYD05-Post Dose 1 CYD RT-PCR (child 2-5)
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		CYD06 Trial

		YF Vaccine group

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		0		0		0

		Day 7		0		0		0		0

		Day 14		0		0		0		0

		Day 7 and/or Day 14		0		0		0		0
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Adults

Adolescents

Child [6-11]

Child [2-5]

% Subjects

CYD06-Post-Dose 1 Viremia (YF-RT-PCR) in YV vaccine grp
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		CYD05 Trial

		ChimeriVax Dengue TV group - Dose 2

		YF-RT-PCR Detected Viremia

				Adults (100% FV+)		Adolescents (95.8% FV+)		Child [6-11] (58.3% FV+)		Child [2-5] (70.8% FV+)

		Day 0		0		0		0		0

		Day 7		0		0		12.5		4.5

		Day 14		0		0		0		4.5

		Day 7 and/or Day 14		0		0		12.5		9.1

		Viremia >LLOQ		0		0		2 (max 1,8)		0

		CYD-RT-PCR Detected Viremia

		Adults

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Adolescents

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		1		0		0		0		0

		Day 7		0		0		0		0		0

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Children [6-11]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		2		3

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Children [2-5]
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		YF-RT-PCR Detected Viremia
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		Day 0		0		0		0		0		0
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		CYD05 Trial

		ChimeriVax Dengue TV group

		YF-RT-PCR Detected Viremia

				Adults		Adolescents		Child [6-11]		Child [2-5]

		Day 0		0		4.2		0		0

		Day 7		25		20.8		12.5		4.2

		Day 14		0		8.3		16.7		4.2

		Day 7 and/or Day 14		25		25		25		8.3

		Viremia >LLOQ		0		2 (max 2,3)		0		0

		Voir si les mêmes sujets ont une virémie à Day 7 et Day 14

		CYD-RT-PCR Detected Viremia

		Adults

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		2		3

		Day 14		0		0		0		0		0

		Plaque assay		0		0		0		0

		Adolescents

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		1		0		0		0		1

		Day 7		0		0		1		3		5

		Day 14		0		0		1		1		2

		Plaque assay		0		0		0		0

		Children [6-11]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		1		0		2		3

		Day 14		0		1		1		2		4

		Plaque assay		0		0		0		0

		Children [2-5]

				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		1		1

		Day 14		0		0		0		0		1

		Plaque assay		0		0		0		0
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		YF-RT-PCR Detected Viremia
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				CYD1		CYD2		CYD3		CYD4		Total

		Day 0		0		0		0		0		0

		Day 7		0		0		0		1		1

		Day 14		0		0		0		1		1

		Plaque assay		0		0		0		0
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		Day 7		0		0		8.3		13.6
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Figure 1. Overview of the Surveillance Phase and Long-Term Follow-up Phase of the CYD-TDV Candidate Vaccine Trials.

CYD-TDV is a candidate recombinant, live, attenuated, tetravalent dengue vaccine that has been assessed in two phase 3 randomized
efficacy studies {called CYD14 and CYD15) involving a total of more than 31,000 participants between the ages of 2 and 16 years in
Asian—Pacific and Latin American countries. In addition, 3203 of 4002 participants (8074) who were between the ages of 4 and 11 at ini-
tial enrollrment in the phase 2b CYD22 trial in Thailand are being followed in the CYD57 trial. The trials had similar designs. According to
the study designs, the long-term follow-up phase will continue for a total of 6 years after enrollment.
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Chimerivax™ Vaccine

Protective efficacy of the recombinant, live-attenuated,
CYD tetravalent dengue vaccine in Thai schoolchildren:
a randomised, controlled phase 2b trial

Arunee Sabchareon, Derek Wallace, Chukiat Sirivichayakul, Kriengsak Lirkittikul, Pernthep Chanthavanich, Sarawudh Suvannadabba,
Yithaya Jiwariyave], Wut Dulyachai, Krisana Pengsaa, T AnhWartel, Annick Moureau, Melanie Saville, Alain Bouckenooghe, Simonetta Yiviani,
Madia G Tornieporth, Jean Lang

Summary
Background Roughly half the world’s population live in dengue-endemic countries, but no vaccine is licensed. We
investigated the efficacy of a recombinant, live, attenuated tetravalent dengue vaccine.

Methods In this observer-masked, randomised, controlled, monocentre, phase 2b, proof-of-concept trial, healthy Thai
schoolchildren aged 4-11 years were randomly assigned (2:1) to receive three injections of dengue vaccine or control
(rabies vaccine or placebo) at months 0, 6, and 12. Randomisation was by computer-generated permuted blocks of six
and participants were assigned with an interactive response system. Participants were actively followed up until
month 25. All acute febrile illnesses were investigated. Dengue viraemia was confirmed by serotype-specific RT-PCR
and non-structural protein 1 ELISA. The primary objective was to assess protective efficacy against virologically
confirmed, symptomatic dengue, irrespective of severity or serotype, occurring 1 month or longer after the third
injection (per-protocol analysis). This trial is registered at ClinicalTrials.gov, NCT00842530.

Findings 4002 participants were assigned to vaccine (n=2669) or control {n=1333). 3673 were included in the primary
analysis (2452 vaccine, 1221 control). 134 cases of virologically confirmed dengue occurred during the study. Efficacy
was 30.29 (95% CI -13-4 to 566), and differed by serotype. Dengue vaccine was well tolerated, with no safety
signals after 2 years of follow-up after the first dose.

Interpretation These data show for the first time that a safe vaccine against dengue is possible. Ongoing large-scale
phase 3 studies in various epidemiological settings will provide pivotal data for the CYD dengue vaccine candidate.

Funding Sanofi Pasteur.

CYD23: summary

Overall Efficacy: 30.2%
No efficacy against DEN2



ChimeriVax™ Vaccine CYD23/57: result
Dengue for Overall Population (4-11yo) Entire Studies

Viral confirmed dengue

Phase infection (VCD) Cases Relative Risk to have VCD (CYD : Placebo)
CYD Placebo
Active Phase (Y1-Y2) 0.31 0.534 0.91
(CYD23) 32 30 B
Hospital Phase (Y3-Y6) 0.6 0.930 e
(CYD57) 85 16 ' .
Entire Study (Y1-Y6) 05, 0774 105
(CYD23+57) 117 76 =
U.IOO 0.I50 1.00 1.I50 2.I00

Randomization ratio is 2:1 for CYD vs. Placebo group Active Phase: from DO to the end of the Active Phase (Month 25)
Hospital Phase: from the end of the Active Phase until Year 6
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								Study		Period/ Case type		Lower		VE		Upper
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CYD14

				0		0		0		0		0



Active Phase (Y1-Y2)  01 DEC 2015

HP ONLY 01 DEC 2015

ALL 01 DEC 2015



Hoja2

		





Hoja3

		






ChimerivVax™ Vaccine CYD23/57: result

Kaplan-Meier Curves for Dengue for the Overall Population Entire Studies
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ChimeriVax™ Vaccine CYD23/57: result
Dengue Subgroup Population (4-8 / 9-11 yo)
Viral confirmed dengue
Phase infection (VCD) Cases Relative Risk VCD (CYD:Placebo)
CYD Placebo
Active Phase 0.36 0'20 1.30
(cYD23) 26 19
E > Hospital Phase 0.76 = 1.93
3 3 (cYDs7) 67 28 L
£
® Entire Study 0.69 0-98 1.43
& (CYD23+57) 33 47 &
- |
g" 0.00 0.50 1.00 | 1.50 2.00
A
5 Active Phase 0.276
0.08 0.81
N (cYD23) 6 11 .
‘->'; Hospital Phase 0.25 0.513 1.05
= (cYDs57) 18 18 0
Entire Study 0.24 0:23 0.75
(CYD23+57) 24 29
O.IOO 0.I50 1.00 1.I50 2.I00

Randomization ratio is 2:1 for CYD vs. Placebo group Active Phase: from DO to the end of the Active Phase (Month 25)
Hospital Phase: from the end of the Active Phase until Year 6
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ChimeriVax™ Vaccine CYD23/57:
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Chimerivax™ Vaccine

klinical efficacy and safety of a novel tetravalent dengue
vaccine in healthy children in Asia: a phase 3, randomised,
observer-masked, placebo-controlled trial

Wariz Rosario Copeding, Maoc Huw Tran, Sri Rezekd & Hadinegora, Hussainlmaem B ehammad 1smzil, Towes Chotpitawe sunond b,

Mary Mareen Chue, Chan Quzng Lueng, Kesnandi Rrsmil, Dewa Myoman Wirgwe n, Revat iy Mallw sz, Punnes Fitisottit hem, Uss Thisyakzrn,
In-Kyu Yoon, Dirnewender Wiet, Bdith Lengewin, Thelma Laot, Yanee Hutegelung, Gering Frage, Mark Boaz, TAnh Wirtel, Modie GTornigparth,
Mekzriz Sqwille, Alein Bouckeneag he, ond the 0F 014 Study Groop ™

Summary

Eackground An estimated 100 million people have symptomatic denpue infection every year. This is the first report of
a phase 3 vaccine efficacy trial of a candidate dengue vaccine. We aimed 0 assess the efficacy of the CYD denpue
vaccine against symptomatic, virologically confirmed dengue in children.

Methods We did an observermasled, randomized controlled, multicentre, phase 3 trial in five coundries in the Asia-
Pacific region. Between June 3, and Dec 1, 2011, healthy children aped 2-14 years were randomly assipned (2:1), by
computer-generated permuted blocks of six with an interactive woice or web response system, o recive three
injections of a recombinant, live, attenuated, tetravalent dengue vaccine {CY D-TDV), or placebo, at months 0, 6, and
12, Randomization wazs stratified by age and site. Participants were followed up until month 25. Trial staff responsible
for the preparation and administration of injections were mmmasked to proup allocation, but were not incuded in the
follow-up of the participants; allocation was concealed from the study sponsor, investipators, and parents and
guardians. Our primary objective was to assess protective efficacy against symptomatic, virologially confirmed
dengue, irrespective of disease severity or serotype, that tool: phce more than 23 days after the third injection. The
primary endpoint was for the lower bound of the 95% CI of vaccine efficacy 10 be preater than 25%. Analysis was by
intention to treat and per procotol. This trial is registered with ClinicalTrials.gov, number NCTOL373231.

Findings e randomly assipned 10275 children to receive either vaccdne (n=8851) or placebo (n=34 2}, of whom
6710 (9826) and 3350 (9324), respectively, were included in the primary analysis. 250 cases of virologically confirmed
denpue tool: place more than 23 days after the third injection (117 [474] in the vaccine group and 133 [5323] in the contral
group). The primary endpoint was achieved with 56. 535 {95% CI 43. 5-66.4) effiacy. We recorded 647 serious adverse
events {402 [6224] in the vaccine group and 245 [33%] in the control group). M {124} children in the vaccine group and
33 (196} of those in the control group had serious adverse events that happened within 23 days of vacdnation. Serious
adverse events were consistent with medical disorders in this ape proup and were mainly infections and injuries.

Interpretation Our findings show that dengue vaccine is efficacions when given as three injections at months 0, 6, and
12 to children aged 2-14 years in endemic areas in Asia, and has a good safety profile. Vacdnation could reduce the
incidence of symptomatic infection and hospital admission and has the potential to provide an important public
health benefit.

Funding Sanofi Pasteur.
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ChimerivVax™ Vaccine CYD15: summary
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EACKGROUND No. af Risk
In light of the increasing rate of dengue infections throughout the world despite  The authors® aFiliations are listed in the Centrol group 6,643 6,501 6,382
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fewer hogpiralizations for VCD in fiwe Latin American counties wheve dengue is
endernic. Funded by Sanofi Pasteur; ClinicalTrialsgov mimber, ICTO01374516,)



TWO PHASE III EFFICACY TRIALS DEMONSTRATED A CONSISTENT EFFICACY AND SAFETY PROFILE
DURING THE 25 MONTHS (ACTIVE PHASE)

ASIA-CYD14? LatAm-CYD152 Pool results in the targeted
2-14 yo 9-16 yo age indication (9-16 yrs)3

Reduction in hospitalized dengue*

67.2% 80.8% 80.3%

(95% CI: 50.3-78.6) (95% CI: 70.1-87.7) (95% ClI: 64.7-89.5)

Efficacy against severe dengue'*?

80.0% 95.0%
(95% Cl: 52.7-92.4) (95% Cl: 64.9-99.9)

92.9%

(95% Cl: 76.1-97.9)

*Per protocol, 12 months post-dose 3 ; "Dengue hemorrhagic fever, World Health Organization (WHO) 1997 criteria, intent to treat; *Intent

to treat, 25 months postdose 1. )
1. Capeding, 2014, Lancet

2. Villar, 2015, N Engl J Med.
3. Hadinegoro, 2015, N Engl J Med.
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Efficacy and Long-Term Safety of a Dengue Vaccine in Regions Effi CaCy in fi rst 25 mo nthS:

of Endemic Disease

5.H. Hadinegore, | L. Arredondo-Garda, MR, Capeding, C. Deseda, T. Chatpitayasunondh, R, Dietze,
H.I1. Hj Muharnmad [seail, H. Reynales, I Limldttiloul, DM, River abdeding, H.N. Tran, 4. Bouckenooghe, Al I . 60 3% CI 55 7_64 5
D Chansinghalol, M. Cortés, I Fanouillere B Forrat, C. Frago, 5. Gailhardou, M. Jadeson, F. Moriega, . . . .
E. Plennevaws, T.a. Wartel B. Zambrano, and M. Saville, for the CYD-.TDY Dengue Yacdne Worling Group® >9 |d 65 60/ (CI 60 7 69 9)
ARBSTRACT y ' ' ' '
<9 yr old: 44.6% (CI 31.6-55.0)

A rcandidate tetravalent dergue vaccine iz being assessed in three clinical ials The authar' full names, academic de-
irwvolving rore than 35,000 children betwsen the ages of 2 and 16 years In Asian— w:_-a'fdfiliﬂbns_aﬁ fisted in the-'lDP-
Pacific and Larin American counerles. We repart the resules of losg-term followaip E:,:”:'at Sanr?risng:rt, mfﬁ,;n?pa;

Interitn amalyses and intsgraved efficacy analyses. teur, 9367 Lpon CEDEX 07, France, or st
rrelan e savill (@ nof | pasteurcon.

METHODS . ] _— :
=8 oomnplete list of investigators in the
Ve are assessing the incidence of hospivalizadon for virologically confimmed den- CYD-TBV Dengue \,-agcig,?e wWarling

gue as 2 surrogate mfery end point during followap o vears 3 to 6 of tvo phase  Smup & powided in the Supple ments

3 trials, CYDA4 and CYDAS, and a phase 3b wial, CYD2357, We estimated vaccine  “PPendic svailable 3t NEM org. Saf ety p r eC au t i O n :

efficacy wsing pooled data from the first 25 months of CTD14 and CYDA5. This article vz published an Jute 27,
2015, at MEIMW org.

RESULTS HENZ!) Mad 10153 731 195.205.

Folloar-up data weere available for 10165 of 10275 participants (99%) in CYD34 and oo 1001056/ M ElMoalss o5

19,898 of 20,869 participants (95%) in CVD15. Data were available for 3208 of the Syt @ 20 s MisashesMedil Sty * . .

4002 participants (30 in the CYD23 mial inehided in CYDST. Curieg wear 3 in VaCCI n e AE : m I Id

the CYD14, CVD1S, and CYDS7 mials combined, hospitalizarion for virologieally

confirmed dergie ocourred in 65 of 22,177 partdeipants in the vacdne group and * . . - -

39 of 11,0589 participants in the conol group. Pooled relative rises of hospiraliza- U n eXp I al n ed h I g h e r I n C I d e n Ce Of
ton for dengie were 0,84 (95% confidencs Interval [CI], 056 to 1.24) among all

parteipants, 1.58 (95% CI, 0.83 to 3.0 among those under the age of 9 years,

and 0.50 (95% CI, 0.29 to 080 among those 9 vears of age or older. During year dengue admiSSion in age <9 yr

3, hogpiralizaton for zevere dergue, 2z defined by the independent data monitar-

i ithee criteria, d in 18 of 22,177 participants in the vacc 1 1 1 1

ant 6 of 11089 partcpants in the contzal group. Docied raies of cfficacy For In vaccine gr in some studies.
srmpromatic dergiee during the first 25 months were 60.3% (5% CI, 55.7 to 54.5)

for all participants, 85.6% (95% CI, 607 to @.9) for those 9 years of age or alder,
and 44.6% (95% CI, 316 to 55.00 for thoze younger than 9 years of age.

COMCLUZION T

Alrhough the unexplained higher incidence of hospiralization for dengie in year 3
arnoryg childret pourger than 9 pears of age needs to be carefully monitored during
lotg-termn followip, the risl amorg children 2 to 16 vears of age was lower in the
vaccine group than in the conrol group. (Funded by Sanofi Fasteur; Clinical Trials
Zov members, MOTO0342530, ICTO19493553, ICTO13732481, and MCTO1374516)



Dengvaxia® approved in 18 countries
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Ongoing regulatory submission in other endemic countries.
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Sanofi updates information on dengue vaccine

« New analysis of long-ferm Deng;;\rc:xu:x3 data found differences in vaccine performance based on prior
dengue infection

« Company will ask regularors to update product label to reflect new information

PARIS, FRANCE — November 29, 2017 - Sancfi will ask health authorifies fo update information provided to physicians
and patients on its dengue vaccine Dengvaxia® in countries where it is approved. The request is based on a new
analysis of long-term clinical frial dafa, which found differences in vaccine performance based on prior dengue
infection.

Based on up 1o six years of clinical data, the new analysis evaluated long-termn safety and efficacy of Dengvaxie-
pecple who had been infected with dengue prior To vaccinatfion and those who had not. The analysi niirmed
that Dengvaxia provides persistent protective benefit against dengue fever in those who had prior infection. For
those not previously infected by dengue virus, however, the analysis found that in the longer term, more cases of
severe disease could occur following vaccination upon a subsequent dengue infection.

“These findings highlight the complex naiure of dengue infection. We are working with health authorities fo
ensure fthat prescribers, vaccinators and patients are fully informed of the new findings with fhe goal of
enhancing the impact of Dengvaxia in dengus-endemic couninies, ” said Dr. Su-Peing Ng. Global Medlical
Head Sanofl Pasteur.

About half of the world’s population lives in countries where four serotypes of dengue virus are in circulation. Every
year an estimated 390 million dengue infections are reporfed. People can be infected with dengue up to four fimes
in their lifetime and they can get severely Il affer any of these infections. Survelllance data from some endemic
counfries indicate that between 70 and 90 percent of people wil have been exposed to dengue af least once by
the fime they reach adolescence. There are many factors that can lead to severe dengue infection. However, the
highest risk of getting more severe disease has been cbserved in people infected for the second time by a different
dengue virus.

Dengvaxia is currently indicated in most of the countries for individuals ¢ years of age and older living in a dengue-
endemic area. In this indicated population, Dengvaxia has been shown to prevent 93 percent of severe disease and
80 percent of hospitalizations due to dengue over the 25 month phase of the large-scale clinical studies conducted
in 10 countries in Latin America and Asia where dengue is widespread.

Press release from SP: 29 NOV2017

Based on up to six years of clinical data,
the new analysis evaluated long-term
safety and efficacy of Dengvaxia in people
who had been infected with dengue prior to
vaccination and those who had not. The
analysis confirmed that Dengvaxia provides
persistent protective benefit against
dengue fever in those who had prior
Infection. For those not previously infected
by dengue virus, however, the analysis
found that in the longer term, more cases
of severe disease could occur following
vaccination upon a subsequent dengue
iInfection.



WHO update

What is the absolute risk of severe dengue in the
vaccinated and unvaccinated trial populations by

serostatus? primary
Unvaccinated ﬂ 2"

The risk depends on the yearly incidence of dengue. Based

.. . . . . . . disease risk
on the incidence in the epidemiological settings of the trials,
for persons aged 9 years and above, the new analysis Vaccinated, E .
indicates that no prev. inf. infection

e

- the 5-year risk of severe dengue in vaccinated
seronegative persons (4 per 1,000 seronegative
persons vaccinated) is similar to the risk of severe
dengue in unvaccinated seropositive persons (4.8 per
1,000 seropositive persons unvaccinated).

Vaccinated, BRITREEY B |

prev. inf.

Image from: Flasche S, Jit M, Rodriguez-Barraquer I, Coudeville L,

- The risk of severe dengue is lower in unvaccinated Recker M, Koelle K, et al. The Long-Term Safety, Public Health Impact,
seronegative persons (1.7 per 1,000 seronegative and Cost-Effectiveness of Routine Vaccination with a Recombinant,
persons unvaccinated). The risk of severe dengue in Live-Attenuated Dengue Vaccine (Dengvaxia): A Model Comparison
vaccinated seropositive persons is the lowest (less than Study. PLoS Med. 2016;13:1-19. doi:10.1371/ journal.pmed.1002181.

1 per 1,000 seropositive persons vaccinated).

- There is no evidence that clinical manifestations of
disease were more severe in vaccinated seronegative
persons compared to unvaccinated seropositive Risk of severe dengue (/1000) Non Vaccine Vaccine
persons. For the entire vaccinated population, overall,
the risk of severe dengue is reduced compared to a
non-vaccinated population.

—
Seronegative 1.7 l l o) 4
1

seropositive 4.8



The relative risk or hazard ratio (95% confident interval) of hospitalized
virologically confirmed dengue (VCD) and severe VCD based on age and pre-
vaccination serostatus (Sridhar et al., N Engl J Med, 379(4), 327-340.) .

outcome age group estimated pre- incidence of VCD post-vaccination | relative risk or
(year) vaccination [n/total number (%)] hazard ratio
serostatus . (95% CI)
vaccine control
hospitalized VCD 2-8 positive 93.6/313.2 (29.9) | 89.8/156.4 (57.4) | 0.50 (0.33-
0.77)
negative 137.4/192.8 37.2/100.6 (37.0) | 1.95(1.19-
(71.3) 3.19)
9-16 positive 58.8/1502.9 (3.9) 137.7/729.8 0.21 (0.14-
(18.9) 0.31)
negative 64.2/375.1 (17.1) | 25.3/207.2 (12.2) | 1.41(0.74-
2.68)
severe VCD 2-8 positive 23.9/313.2 (7.6) | 20/156.4 (12.8) 0.58 (0.26-
1.30)
negative 30.1/192.8 (15.6) 5/100.6 (5.0) 3.31 (0.87-
12.54)
9-16 positive 11.2/1502.9 (0.7) | 33.4/729.8 (4.6) 0.16 (0.07-
0.37)
negative 14.8/375.1 (3.9) | 3.6/207.2 (1.7) 2.44 (0.47-
12.56)




Policy recommendations on the use of the first

licensed dengue vaccine

SAGE concluded that for countries considering CYD-
TDV wvaccination as part of their dengue control
programme, a pre-vaccination screening strategy, in

which only dengue-seropositive persons are vaccinated,

is the preferred option.

Screening tests could be used to identity persons who

have had a previous dengue infection. Ideally, a test
with the highest specificity should be used to minimize
the inadvertent use of vaccine in seronegative persons.
Two types of tests could be considered: serological
assays such as dengue IgG ELISA, and rapid diagnostic
tests (RDT). The ELISA assays do not provide point-of-
care information on an individual’s serostatus, and the
currently available RDTs have not yet been validated for
the purpose of screening for previous dengue infection.
Nevertheless, either could be considered in high preva-
lence settings until better tests become available.

2018, 83, 9380
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Meeting of the Strategic
Advisory Group of Experts
on immunization, April
2018 - conclusions and
recommendations

The Strategic Advisary Group of Experts
(SAGE}) on immuniration’ met com
17-15 April 2018, This report summarizes
the discussions, concusions and recom.
mendations *

Report from the WHO Department

Weekly epidemiological record
Releve ep|dem|0|og|que hebdomadaire

Réunion du Groupe
stratégique consultatif
d'experts sur la vaccination,
avril 2018 - condlusions

et recommandations

me consultatit dencpe ts

anxquelles 1 est parvenu®

Rapport du Département Vaccination,

Given that no test will be 100% specific, some sero-
negative individuals may be vaccinated due to a false
positive test result. Furthermore, although the efficacy
against dengue infections in seropositive individuals is
high, it is less than 100%. Hence, the limitations of CYD-
TDV will need to be clearly communicated to those
offered vaccination.

of Immunization, Vaccines and
Biologicals and Regional updates
The r\epm from the Director of the WHO

vaccins et produits biologigues
de I'oMs et bilans régionaux

nization in a changing world” In line with
WHO's mission to keep the world safe,
promote health, and serve the vulnerable,
as detailed in the WEHO 13th Global Flan
of Work (GEW 13). it wa: moted that
immumiration makes important contribu-
tions to all 3 objectives.’ The Global
Vaccine Action Plan (GVAF) goal on new
vaccine introduction has been accom-
p\hsh:d.bnxo‘thmG‘APgnahhm notyet
been achieved In particular, gaps and
inequity in coverage remain Fopulation
growth, population mlyauonmrhnnand
between tries, and ever

urbaniztion challenge even the carrent

vaccinate half a million additional chil-

dren every year just to keep up with
mowth. The zecent diphtheria cuthreaks

ORGANIZATION in Bangladesh, Bolivarian Republic of
Geneva
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Weekly epidemiological record, 8 JUNE 2018, No 23,
2018, 93, 329-344.



Antibody testing

PRNT is currently most accurate test for flavivirus
but laborious, expensive and variation among LABs
and tests.

HAI and ELISA are cheaper and can be tested for
large samples.

ELISA had 99.4% sensitivity and 100% specificity*
but standardization for different available tests are
needed.

HAI had 94.4% sensitivity and 62.5% specificity*.

*Lukman et al. Biomed Res Int 2006.



L

Antibody testing

Antibody may cross react with other flavivirus
(Zika, Japanese Encephalitis, Yellow fever, etc.)
causing false positivity.

Waning of antibody causes false negativity.
There has been no study primarily aiming to
assess antibody tests to diagnose previous
Infection to dengue.

There has been no gold standard, although PRNT
may be the best.



PRNT and ELISA

for diagnosis of previous
dengue infection



Dengue cohort in Ratchaburl

Dengue illness

Baseline PRNT ELISA ELISA convalescent

acute



PRNT test for diagnosis of previous
dengue infection*

ELISA (gold standard)

Primary infection Secondary
Infection

Pre-illness PRNT

Negative 5 11**

Positive 0 34

sensitivity = 75.5%, specificity = 100%
PPV = 100%, NPV = 31.3%

* unpublished data from dengue cases in dengue cohort in

Ratchaburi, 2005-6
** 10 cases had positive PRNT for JE



IgG ELISA test for diagnosis of
previous dengue infection*

. ELISA (gold standard)
IgG ELISA In acute

sample Primary infection Secondary
Infection

Negative 5 27

Positive 0 19

sensitivity = 41.3%, specificity = 100%
PPV = 100%, NPV = 15.2%

* unpublished data from dengue cases in dengue cohort in Ratchaburi,
2005-6



TDV

e Developed by Takeda (Inviragen)

e Using DEN-2 (16681) PDK 53 as a backbone and
replaces genes encoding pre-membrane and envelope
protein with genes from DEN-1, DEN-3 and DEN-4.

e Major difference from CYD vaccine: the core and other
non-structural proteins are of DEN-2, not yellow fever

NS2A NS4A M
% c | wm E * NS3 F NS5

5'UTR S'UTR
NS1 NS2B NS4B



TDV

TDV clinical program milestones

DEN-101

i DEN-203: Adults and children, n=360 DEN-313: Children, n=200
n=72 (US : :
L) ( (Colombia, Puerto Rico, Singapore, Thailand) ﬂ (Panama, Philippines) ﬂ @ )

DEN-102
n=96 (Colombia)

DEN-204: Children, n=1,794
DEN-104 -
n=136 (US) (Dominican Republic, Panama, Philippines) ﬂ @ )

DEN-103
n=67 (US

DEN-205: Adults, n=351 )

Singapore
DEN-106 (Singapore)

n=996 (US)

DEN-301: Children N=20,100

(Brazil, Colombia, Dominican Republic, Nicaragua, ﬂ@ )
Panama, Philippines, Sri Lanka, Thailand)

Non-endemic: E -
ndemic:
Phase 1 and 2 (flavivirus-naive Phase 2 and 3
adultsf

fThe illustration of the Phase 1 and 2 studies in non-endemic populations does not depict the end date of each study
CMI: cell-mediated immunity; TDV: tetravalent dengue vaccine

[TULLY G Tl el L

Size does not represent . . .
the length of the study ﬂ Includes children @ Ongoing




TDV

Neutralizing antibody titers: GMTs (PPS)

DENV.-1 All participants Sero(-) at baseline DENV.3 All participants
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TDV

Seropositivity rates among participants seronegative at baseline (PPS)

Seropositivity rates reach close to 100% regardless Seropositivity rates higher in both two dose groups
of schedule compared with single dose
DENV-1 [T DENV-3 RTIE
o 80+ o a0-
o) o)
8 60 & 60
m G g
g Gp2 (M0) ﬁ'f 40+ E 40+
m oMo, 12) 0 201
D ! D T
W Gpd (Placebo) Month0  Month1  Month6 Month 13 Month 18 Month0  Month1 Month6 Month 13 Month 18
Seropositivity rates reach close to 100% regardless High seropositivity rates after a first dose, subsequent
of schedule decline was delayed by second dose
DENV-2 DENV-4
o 007 0 i
o) o)
E 60- E 60-
40- 40+
& :f
20+ T
BL: baseling;
GMT: geometric mean fiter; 0- .
PP3: per protocol set MonthO0 Month1 Month6 Month 13  Month 18 Month0  Month1  Month6 Month 13  Month 18

SP:




TDV

Incidence of symptomatic dengue in TDV vaccinee VS placebo

recipient during 18 months surveillance in Phase 2 study in
children aged 2-17 years (Xavier Saez-Llorens et al., 2017)

Incidence:
Group 3
(M0,12) :
1 1
i N=200 N=398 N=998 N=198 - N=1794
I I
I I
N febrile episodes evaluated | 102 199 451 109 - 861
I I
I I
1 1
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Relative risk: Severity:

TDVRate (%) | Placebo Rate (%) Re':gz;z::;{ggﬁ/ﬂgl:f UBN No increase in severity of dengue cases in
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1.3% 4.6% 0.29 (0.13 - 0.72) severe dengue)



Gene Deletion Vaccine

Developed by Laboratory of Infectious Diseases,
National Institute of Allergy and Infectious Diseases

Use reverse genetic and recombinant DNA technology

Deletion of 30 nucleotides at the position 172-143 from
3' untranslated region could well attenuate DEN-1 and
DEN-4

Chimeric recombination for DEN-2 (so-called
rDEN2/4A30)

Additional deletion of 31 nucleotides at the position
258-228 (so-called rDEN-3A30/31) for DEN-3



Gene Deletion
Vaccine

TV003 (comprising rDEN-1A30, rDEN-2/4A30, rDEN-
3A30/31, and rDEN-4A30; 3log10PFU for each
serotype)

TVO005 (comprising 3log10PFU for each rDEN-1A30,
rDEN-3A30/31, and rDEN-4A30; and 4log10PFU for
rDEN-2/4A30

Phase 2 clinical trial on DEN-4A30: vaccine was safe
but caused asymptomatic rash (65%), mild
neutropenia (20-25%) and vaccine viremia (52%o)
(Durbin et al., 2005), leading to changing amino acid
at the codons 200 and 201 of NS5 from Lys-His to
Ala-Ala (DEN-4A30-200,201). Replacement of DEN-
4A30-200,201 in TVOO3 is TV0O04.

A phase 2 clinical trial in adults: TV003 caused few
asymptomatic maculopapular rash and vaccine
viremia in 79% and 71% of vaccine recipients,
respectively. Vaccine viremia were form DEN-3
(63%), DEN-1 (21%), DEN-4 (17%), and DEN-2 (4%)
(Kirkpatrick et al., 2016). A phase 3 study is ongoing.



Whole-virus Inactivated Vaccine

Developed by GSK/FIOCRUZ
Simple in production but the difficulty is viral culture
Need potent adjuvant

Study in monkey revealed that, after vaccination and
challenge, monkey had no viremia but genetic material was
still detectable (Robert Putnak et al., 2005).

Phase 1 clinical trial of 2 doses (2.5 or 5 ug/dose) of purified
Inactivated DEN-1 vaccine with aluminum hydroxide
administered on day 0 and 28 : vaccine was safe and was
able to induce neutralizing antibody in dengue naive people
aged 18-50 years (Martinez et al., 2015).



Subunit Vaccine

At least 3 vaccine:

— recombinant subunit protein containing 80% of envelope protein
from N-terminal portion (r80E)

— consensus dengue envelope protein domain 111 (ceD I11)
— recombinant lipidated envelope glycoprotein domain Ill

r80E with ISCOMATRIX™ adjuvant can induced a potent
viral neutralizing antibody as well as memory response
(Clements et al., 2010).

r80E from DEN-2 with ASO5 or ASO8, given 3 months apart
In rhesus monkeys found that the monkeys had no dengue
viremia but dengue genomes were still detectable after
challenge (Robert Putnak et al., 2005) .

In human phase 1 study, it was immunogenic and well
tolerated (Manoff et al., 2015).



DNA Vaccine

Developed by inserting genes encoding target protein
(i.e. envelope protein for dengue vaccine) into vector
virus (e.g. adenovirus, measles virus)

Advantage: high producibility, stability in room
temperature, induce both humoral and cell-mediated
Immunity, no interference among serotypes

Disadvantage: poor immune response

A three-dose tetravalent DNA vaccine using a pCMVkan
expression vector injected via intramuscular
electroporation : vaccine was able to induce neutralizing
antibody in mice (Prompetchara et al., 2014).
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