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L DURATION  poputuion indies of immunity o matra it
1004 B

Parasite

Vaccine must
do better
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SLOW TO DEVELOP, INCOMPLETE, AND OF LIMITED
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Africa from malaria

Despite 42% reduction since 2000, a child dies every minute in

207 million malaria
cases in 2012, 627,000 deaths in 2012,
79%in Africa 90%in Africa

Three biggest risks
Financing fragility
Artemisinin resistance
Insecticide resistance
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2 Strategic Goals:
Public health needs to
be met by vaccination

MALARIA VACCINE
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Clinical Malaria Vaccine Pipeline
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ostmalariavaccines are P.falciparum subunitvaccines
One mosquito antigen
Few P.vivax antigens
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Global Malaria Vaccine Portfolio by Platform

Total 45 projects in advanced pre-clinical & clinical

W Rec. protein novel adjuvant

™ Rec. viral vector

® Whole organism

® Plasmid DNA

 Particulate/conjugates

w Synthetic peptides

Rec. protein alum
Source WHO Rainbow Table Dec 2012:
www.who.int/vaccine_res earc h/links/R ai nbow/en/index. html
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Controlled Human MalariaInfection Model:
Biggest advantage for malariavaccine development
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Mosquito feeding Challenge s |

Liver stage Blood stage

Thick
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Days

1+ Parasites/ml

Major responsibility to
safeguard volunteer safety

Enhance comparability

Days post challenge
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RTS,S/ ASO1 Malaria Vaccine
GSK Biologicals/PATH MVI/BMGF

Repeats T epitopes S antigen
(from CS protein) (from HBV) RTS&S

co-expressed
in Saccharomyces

RT=Malaria protein + S antigen cerevisiae —
RTS,S VLP

Malaria-Hep BsAg fusion VLP
Lyophilised

Point-of-use reconstitution with

ASO01 adiuvant: linosomes. MPL. OS21
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Design of RTS,S/AS01 Trial
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Key Phase 3 efficacy and immunogenicity results:

5-17 months and 6-12 weeks age categories

96VE (with 95%Cl)
612 wk

First episode clinical malaria

(ATP, adjusted, co-primary endpoint)
(ITT, unadjusted)

All clinical malaria episodes

(ATP, adjusted)

(ITT, unadjusted)

Severe malaria

(ATP)

(17m)

Anti-CS antibodies GMTs (EU/mL)

ATP: According to protocol
ITT:  Intent to treat

Cl:  Confidence Intervals
GMT: Geometric Mean Titers

55.8%
(97.5%CI:50.6;60.4)
50.4% (45.8;54.6)

55.1%(505;59.2)
53.9% (49.6;57.8)

47.3%(224;64.2)
45.1%(238;605)

621.2 (591.7-652.1) 209.2 (196.8-222.4)

NEIM 2011;365:1863-1875 NEIM 2012;367:2284-95

31.3%
(97.5%C1:23.6;38.3)
30.1%(236;36.1)

33.0%(264;389)
32.9%(26.7;385)

36.6%(4.6;57.7)
26.0%(-7.4;486)

14

0-6 months
0-12 months
0-18 months

0-6 months
6-12 months
12-18 months

68% [64 to 72]
51% [47 to 55]
46% [42 to 50]

26% [19 to 33]

Vaccine efficacy against clinical malaria over 18 months
(8923 children 5-17 months and 6537 infants 6-12 weeks)

47% [39 to 54]
33% [26 - 39]
27% [20 —32]

Comparative incidence of clinical malaria over 18 months
(8923 children 5-17 months and 6537 infants 6-12 weeks)

Time since vaccination Comparative incidencein | Comparative incidence
children [95%CI] in infants [95%CI]

68% [64 to 72]
41% [36 to 46]

47% (39 to 54]
23% [15 to 31]
12% [1 to 21]
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Vaccine efficacy over 18 mo by site —all episodes of clinical
malarianfants 6-12 weeks

Children 5-17 months

ki

« No clear variationin efficacy according to transmission level.

high transmission settings.

* Immunologica immaturity?
Interference from matemal antibodies?
Interference from co-administration with other vaccines?

Benefit of the vaccine (episodes prevented) likely to be greatest in

3-fold higher immunogericity for anti-CS 1gG in older age group.
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Immunological basis of efficacy ?

—— efficacy against infection
—— efficary per sporazoite
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® Very high titre IgG to conserved

sporozoite surface antigenic
component is most strongly
associated with protection
against infection

Further reading

White MT et al. PLoS ONE April
2013

Moorthy VS & Ballou WR. Malaria J
2009, 8:312

orld Health
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Other Pre-erythrocytic Vaccines

US Navy/Genvec DNA/Ad5 prime-boost CS/AMA1S

Oxford/Okairos AdCh63/MVAME-T RAP*

Both confirm promise of adenovirus vectors for CD8 in

humans when used inprime-boost combinations

Both led to about 20% protectionin challenge trials

S poster Presented at Keystone conference 2010
* Hill AV et al. Human Vaccines 2010 Jan;6(1):78-83
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Many Blood stage vaccines are under evaluation
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Blood-stage vaccines:
scientific challenges

® Keyissues:
— Will strain-transcending protection be possible?
+ See AMA1 NEJM paper
+ Polyvalent vs conserved regions
— Can challenge trials be used to accelerate blood stage vaccine
development?
— Can newly identified antigens be promptly transitioned into
vaccine development?
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Basigin is a receptor essential for erythrocyte
invasion by Plasmodium falciparum

Cécile Crosnier'*, Leyla Y. Bustamante™, S, Josefin Bartholdson'*, Amy K. Bei’, Michel Theron®, Makoto Uchikawa®,
Souleymane Mboup®, Omar Ndir®, Dominic P. Kwiatkowski*®, Manoj T. Duraisingh?, Julian C. Rayner” & Gavin J. Wright'?

First essential red cell receptor for
P. falciparum recently identified
as Basigin

Rh5 is the ligand, and anti-Rh5 IgG
induce strain-transcending
functional activity

World Health
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—MIATara ransmission
blocking vaccines: an |
ideal public goo V.
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Sexual stage/mosquito antigen vaccines are conceptually
attractiv e for interrupting transmission
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Standard Membrane Feeding Assay (SMFA):
functional activity of IgG to sexual stage/
mosquito antigens

Blood containing
gametocytes
+ test antiserum

Jacket for warm’
water

Stained mosquito gut
6 days post feed

Artificial or
Natural
Membrane

In vitro cultured gametocytes are source of parasites
Test serum (IgG) and control serum (IgG) are compared
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P. vivax

® |f Pfdisease burdensdrops, Pv willincrease in R&D
priority

® P.vivax human challenge model being strengthened
(...some difficultieswith relapse, lackof Pv culture)

® First P. vivax challengetrial hasoccurred with a P.vivax
CS recombinant proteinin ASO1

@ Clinical evaluation of P. vivax vaccinesmay pose
challenges (interactionswith Pf, distinguishing new
infectionsfrom hypnozoite reactivation)

World Health
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Take home messages

® There isno licensed or available malaria vaccine

® One candidate RTS,S/ASO1 isthe most advanced, and the first
WHO recommendations on use are expected in late 2015

® Ewven higher efficacy vaccines are desired and we have 2030 goals
for highly effective clinical disease prevention and elimination
vaccines

® Non-vaccine control |deaths by 42% to estimated 627,000 ower last
decade. Emerging drug and insecticide resistance threaten malaria
control. New tools are needed.

® Malaria Vaccine R&D is a very active and exciting area!

World Health
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Thank you!

® Forfurtherinfo onmalariavaccine R&D see WHO IVR
website
— www.who.int/vaccine_research
— www.who.int/vaccine_research/Mal aria/en/index html
— or email moorthyw@ who.int

® Forinfo on malariapolicy, statusof malaria
control/elimination, see WHO Global Malaria Programme
— www.who.int/malaria

World Health
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