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Pre-millennial malaria

>400 million cases per year 5:\

>1 million deaths peryear /71 ™

Chloroquine resistant parasites
Few new drugs on the horizon
Diagnosis dependent on microscopy
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And yet, there has been progress.
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tuberculosis, and malaria during 1990-2013: a systematic
analysis for the Global Burden of Disease Study 2013
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Summary

Background The Millennium Declaration in 2000 brought special global attention to HIV, tuberculosis, and malaria
through the formulation of Millennium Development Goal (MDG) 6. The Global Burden of Disease 2013 study
provides a consistent and comprehensive approach to disease estimation for between 1990 and 2013, and an
opportunity to assess whether accelerated progress has occured since the Millennium Declaration.
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We have the tools, now.

* Malaria rapid diagnostic tests (RDTs)
— 2000: Commercial development ramps up
— 2005: 200,000 tests distributed
— 2008: WHO-based evaluation/comparison
— 2010: 88 million tests distributed P
— 2012: 205 million tests distributed '

@«




We have the tools, now.

* Rapidly effective, affordable oral antimalarial
drugs
— 1983: Qinghaosu noticed by the West
— 2000: Use of ginghaosu (artemisinin) endorsed
— 2005: 11 million treatments delivered

pam — 2006: WHO encourages combination
chemotherapy
= 2012: 331 million ACT treatments delivered




Resource allocation
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Irregular participants
Unspecified
Diagnostics

Vector control
Vaccines (Preventive)
Drugs

Basic research

Pipeline to Product: Malaria R&D Funding Needs into the Next Decade.
PATH Malaria Vaccine Initiative, 2013




In a perfect world, these could have
a major impact.
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Rafael ME, et al. Reducing the burden of childhood malaria in Africa: the role of improved diagnostics.
Nature Publishing Group 2006. http://www.nature.com/diagnostics



In the belly of the beast (Uganda),
they do have a major impact.

Tororo




Absolute numbers of malaria indicators among children admitted
Jinja Hospital

3,000
2,500

2,000
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2011 Q3 | 2011 Q4 | 2012Q1 | 2012Q2 | 2012Q3 | 2012Q4 | 2013Q1 | 2013 Q2 | 2013 Q3 | 2013 Q4
| m Total admitted 2,196 2,277 2,019 2,724 2,096 1,786 1,931 2,188 1,635 1,574 ‘
'mUnder 5 years 1,916 1,932 1,693 2,345 1,814 1,518 1,657 1,873 1,371 1,355
| m Lab Test done 1,878 1,893 1,652 2,267 1,766 1,468 1,586 1,810 1,322 1,305
| m Lab Test positive 871 214 727 1,045 838 708 776 933 626 620
. Complicated malariaA 706 _ 705 | 512 | 702 | 591 _ 499 | 544 | 700 | 419 _ 441




Absolute numbers of malaria indicators among children admitted
Tororo Hospital

3,000
2,500
2,000

1,500

ETI Y

2011Q3 | 2011Q4 | 2012Q1 | 2012Q2 | 2012Q3 | 2012Q4 | 2013Q1 | 2013 Q2 | 2013 Q3 | 2013 Q4
| m Total admitted 1,237 970 1,059 1,229 1,567 1,240 1,685 1,772 1,503 1,276
W Under S years 1,121 861 965 1,127 1,381 1,098 1,536 1,576 1,289 1,105
| m Lab Test done 1,103 836 943 1,080 1,330 1,033 1,492 1,507 1,211 1,039
| m Lab Test positive 582 525 547 718 754 502 852 933 743 615
Complicated malaria 456 406 » 428 | 570 ‘ 599 ‘ 376 676 » 741 » 608 » 507




Cohort studies in Tororo and Jinja

* Dedicated study clinics open
[ days a week
P"*T.-.x;ﬂ— adjacent inpatient facilities
. avallable
* Parents/guardians -
instructed to bring their child
to the clinic whenever il




Cohort studies in Tororo and Jinja

 Reimbursement for transport provided for all
visits to the study clinic

* Every febrile participant was tested for
malaria with a blood smear

* Patients were followed daily
during treatment






Cohort studies in Tororo and Jinja
Proof of principle

e 2,135 children
— birth to 10 years of age

5,041 person years of follow-up
e 16,258 treatments for malaria



Cohort studies in Tororo and Jinja
Proof of principle

e 80 patients (0.04%) with malaria danger
signs

e 84 (0.04%) patients with severe malaria
— mostly severe anemia

e 39 deaths from all causes




Cohort studies in Tororo and Jinja
Proof of principle

...only 2 malaria deaths




Feasibility




Success of ART roll outs across Africa

therapy (millions)
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Success of ART roll outs across Africa

Incidence
(millions)

Prevalence
(millions)

Deaths

(millions)
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Murray CJL, et al. Lancet 2014;384:1005-70






Drug resistance




MMV Portfolio 2001

Exploratory

Dihydrofolate Lactate
Z277
reductase dehydrogenase synthce)tic peroxide
(DHFR) (LDH) RBX11160 / OZ 277

Falcipain

Dihydroorotate )
(cysteine

dehydrogenase

inhibition (DHOD protease

Haem
Polymerization

Discovery Preclinical

Clinical

Development




MMV Portfolio: October 2008

Translational Development
Research ENIN P In APM
Approved*

Lead optimisation Preclinical Human volunteers exploratory  Patient confirmatory registration

. Artesunate Artemether
0Z 439 Tafenoquine s DHA-PQP )
NRAIR Novartis
MK 4815 Isoquine Artimisone
(Merck) LSTH/GSK UHKST

GSK Pyridones
2 compounds

DHFR
BIOTEC/Monash/
L SHTM

Pyronaridine AS
Shin Poong

DHODH

UTSW/UW/Monash

(+) Mefloquine
Treague

Novartis
2 compounds

Launch Probability
2011 >90%

2013 68%
2015+ 20%
2017+ 10%




2014 Portfolio

Research Translational pationt | DEVElOPMeENt Under Access
Lead optimisation Preclinical Human volunteers exploratory  Patient confirmatory review Post approval®
Miniportfolio 1 Project P218 DHFR DSM265 OZEERIEOl Tafenoquine Rectal Artesunate
’ : (Biotec/Monash/ (Monash/UNMC
Novartis Novartis Takeda . MMV/WHO-TDR
LSHTM /Swiss TPH Sulfadoxine
Miniportfolio 3 Projects ELQ300 MMV048 0Z439/FQ Artesunate Pyrimethamine+
GSK GSK Takeda (ucT) Sanofi Paediatric Amodiaquine
T . GUilif
Miniportfolio Orthologue Leads SJ733 KAE609 [PElEeHIS
Sanofi Sanofi St Jude/Rutgers Novartis Paediatric
Sigma-Tau
Miniportfolio Whole Cell Leads DDD498 KAF15_6
AstraZeneca AstraZeneca (DDU Dundee) Novartis
esunate
Heterocycles Oxaboroles Amodiaquine 5
Celgene Anacor o ) )
Tetraoxanes Artesunate-
— Liverpool Uni CIPLA/DND
Screening DHODH 1 .
New chemical New presentations of
Screenin Ami idi 1 1 1 1
entities since 2007 existing molecules
Screening Open Source
Eisai Drug Discovery Launch Probability
Pathogen Box 2016 >90%
Merck Serono 2018 50%
Other Proiect 2020+ 20%
er Projects




Smart use of ACTs

* Pairing diagnosis to treatment will help to
reduce rate of development of resistance




Potential pitfall: cost
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Potential pitfall: cost

Provider cost per DALY averted

White MT, et al. Mal J 2011:;10:337
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* Extend prompt diagnosis and effective
treatment to the periphery

* Nip each episode of uncomplicated malaria
In the bud



Eliminating 8
VEIETE [
Deaths
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