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Malaria Elimination

Target: 90% reduction; 35 countries eliminated; Asia Pacific - Free

* SriLlanka (2016), Paraguay (2018), Uzbekistan (2018)
* China, Bhutan, Malaysia...

Better Worse
N - -
2000 262 m AMR
2013 198 m wMR - 5
2015 214 m >EAR |
2016 217 m WeR e
2017 219 m

word . Y

Change in Malaria Burden by >20%

Organization World Malaria Report 2018



Global burden of P. vivax

* 2.5 billion people at risk

e 7.5-14.3 million cases

Brazil

PNG
Sudan
Venezuela

Indonesia

Afghanistan

I 1,000,000 - 10,000,000
10,000,000

Cost $533 million pa Angela Devine et al 2018

Ethiopia

Pakistan
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Relative rise in the burden of P. vivax

Thailand: 1965-2001 Brazil: 1960-2009
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Papua: 2004-2013
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P. vivax hypnozoites

Time to relapse varies by region

Risk of Relapse

Brazil

Cumulative Risk (%)
38835883888

l =>» Transmission dynamics

i l >80% of recurrences are due to
\‘ ]

J e = relapse
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The Radical Cure of P. vivax

Schizontocidal + Hypnozonticidal

Treatment

Treatment

. hl [ i '
Chloroquine e Primaquine

e DHA-pi ' [
piperaquine e Tafenoquine

e Artemether-Lumefantrine |



Blood Stage Treatment



Chloroquine Resistant P. vivax

|

129 clinical Studies
CQR present in over half of the study sites
CQR Category 1 >10% recurrence by Day 28

Lower 95%CI >5%

Category 2 >5% recurrence by Day 28
With High Chloroquine Conc

Category 3 >5% recurrence by Day 28
Lower 95%CI <5%

Category 4 Case Reports

cQs In absence of early Primaquine
Uncategorised CQS and Early Primaquine
N<5 Surveys

Price et al Lancet ID 2014



WWARN Pooled Analysis
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Commons et al Lancet ID 2018
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Chloroquine Dosing

gﬂl

—20mg/kg
—22.5mg/kg
—25mg/kg
—27-5mg/kg
—30mg/kg

0

T T T L] T A

7 14 21 28 35 42

For every 5 mg/kg dose increase: AHR = 0.83

In children under 5 years old increasing

the dose by 5mg/kg would prevent 18%
of recurrences




WWARN Pooled Analysis

37 clinical trials:
CQ, N=2990
® ca+Pq, N=1790

Commons et al Lancet ID 2018
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Risk of recurrence (%)

Adding Primaquine
B
Ly e Chloroquine alone C
—— Chloroquine plus early primaquine q 5

40— p<0-0001 -
30
20
104
0

0

Time (days)

Addition of primaquine reduces
recurrences by 90%: early
recrudescences and late relapses



Liver Stage Treatment



Primaquine Radical Cure

WORLD HEALTH

DRGANIZATION DE LA SANTE
A §3R8 el /209
n3333 :ﬁw 1963

55 years later and...

-~ ORIGINAL: *ENGLISH

FURRIER DEVELORNT OF SEHETIO AMTHALIRTALS / ] We still don’t know the
N optimal dosing regimen

W. Schulemann
Pharmasslopical Institute, University of Bomn

n Clinicians are reluctant to

Nevertheless, the advance represented by the prescribe it

introduction of Primaquine is still not sufficient...
» Patients don’t take a
“the Group recommends that intensive

research be carried out with a view to Complete course
developing an anti-relapse drug free from side

effects and radically curative at a single dose or

at most after a three day treatment”

JITMM, Bangkok, December 12th 2018



Dosing Regimens

Efficacy is related to total dose given

Total | Daily | Dose

mg/kg  mg/kg mg
Low Dose 14d 3.5 0.25 15 mg/d Most countries
Low Dose 7d 3.5 0.5 30 mg/d Brazil, China
High Dose 14d 7.0 0.5 30 mg/d Papua
High Dose 7d 7.0 1.0 60 mg/d
Weekly 6.0 0.75 45mg

And many more options!



What Dose ?



The Correct Dose?

Low Dose Pq

15 mg 14 days - 3.5mg/kg total . .
2 gty glke Supervised High Dose Pq
£ +ACT Works pretty well...
k]
2 —AS  ===DHA-PP ——AS+PQ  ---—-AS-PYR+PQ - DHA-PP+PQ
§ 08 -
g 08 e
g 08 4
-:‘ 04
£« High Dose Pq gos
E o 30 mg for 14 days - 7 mg/kg total el . p— s
w5 01 g
§ ul o e .
g 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52
E il :. Weeks Post-Patency
Qy‘-/ S\

S # & Nelwan et al AAC 2015

Duration of Follow Up

John et al Mall 2011
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Haemolysis



Glucose 6 Phosphate Dehydrogenase deficiency

G6PD - crucial for antioxidant defense in red blood cells (RBC)
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Deficient Intermediate Normal 0 2 10 12 14 16 18 0 2 4 6 & 10 12 14 16 18 20 22 24 26
<30% 30-80% >80% GBPD Activity (U/g Hb)
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Haemolytic Risk

Variant Specific Haemolytic Risk

G6PD deficiency 0, 7 oo

Fraction of original Hb (%) | ——— africana- 30% 0%
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G6PD Enzyme Activity

Chu et al PlosMed 2017

Mean fractional hematocrit change (%)

T T T T T T T T Vi T
01234567 i 14
Days from enrolment
-4~ Het PMQ-1 - WT PMQ-1
-5~ Het PMQ-0.5 & WT PMQ-0.5
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14

Haemoglobin (g/dL)
13

12

— Primaquine

m— NO primaquine

11

T T T T T T T

0 7 14 21 28 35 42

Time (days)

3,421 patients (29 studies) included in the analysis
1,975 with chloroquine alone prior to day 42
1,446 with chloroquine and primaquine on day O

Commons et al Submitted

JITMM, Bangkok, December 12th 2018

Fractional change in Hb on day 7

Hb on day 0 (g/dL)



Primaquine Safety

i SAFETY OF
8-AMINOQUINOLINE
ANTIMALARIAL

Primaquine exposure in > 36 million individuals’? ... MEDICINES
— 219 SAEs - mostly severe hemolysis?! (none if G6PD normal)

3 World Health
5 Organization

Population SAEs Risk

16 severe haemolysis
MDA 15-30mg daily 9 million 2 methaemoglobinaemia 1.8 per million
1 severe urticaria

24 severe haemolysis

Patients 15-30mg daily 1 neuropsychiatric’

= 14 deaths: 12 haemolysis, 1 hepatic necrosis, 1 unknown

=> Mortality Risk =1 in 621,428

1WHO Safety of 8 aminoquinolines 2014; 2 Ashley MalJ 2014

JITMM, Bangkok, December 12t 2018



Adherence



Patients Don’t Complete a 14 Day Regimen for an Acute
Febrile lllness

Primaquine efficacy is related to total mg/kg dose ingested

Clinical Trial

0.75
Efficacy

0.50

0.25

Ethiopia

Complete Course * 92.0%
L

Incomplete Course 73.7%

Unsupervised Course  §3,2%,

50 100 150 200
Duration of follow-up (days)

Abreha et al Plos Med 2017
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Clinical Practice

Papua Indonesia

46,221 Patients treated with 14 days unsupervised primaquine

Risk of
P. vivax
Recurrence

0.4
0.3 4§
0.2
0.1 -

0.0 A
0 3 6 9 12

Overall Effectiveness:
10.0% [95%Cl 0.05-0.14]*

Months of Follow-up

Douglas et al Plos Med 2017

No PQ

- High Dose

Low Dose



The Long And The Short Of It....

Adherence Issues

Tafenoquine Primaquine...
Single Dose High Dose High Dose Low Dose Low Dose High Dose Weekly
7 days 14 days 7 days 14 days 21 days x8

Safety Concerns



Innovation:
Short Course Treatments



The Long And The Short Of It....

Adherence Issues

Tafenoquine| Primaquijne...
Single Dose | High Dose | High Dose Low Dose Low Dose High Dose  Weekly
14 days 7 days 14 days 21 days x8

Safety Concerns




A multicentre study double blind placebo controlled trial:

— Indonesia, Vietnam, Afghanistan, Ethiopia

s J.ﬁ'i}ﬁ%‘k’-, o AV,
Chloroquine or DHA-Piperaquine Plus: 3 e m;_ R
1. Placebo AN ’*}"*@3
T 0,
2. Primaquine 1mg/kg/day for 7 days R =g =
3. Primaquine 0.5mg/kg/day for 14 days A o

2,388 patients, followed for 12 months
Repeat dosing




7 days PQ is non inferior to 14 days PQ

Symptomatic P. vivax Recurrence 12m

Incidence

1

95% CI 95% CI 95% ClI
™ PQ7 Rate 8 Control PQ7 PQ14
. I
PQ14 . Difference g
| =
AF001 1337338 11/32631 —o—%— -0.00 (-0.10, 0.10) § w0
P
AFOOB 21117248 20115192 3 0.04 (-0.26, 0.33) e -
1 S
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Incidence Rate Difference: Incidence Risk: PQ7 vs Control:

IR =0.02 (95% CI-0.02t00.05) YR =0.18 (95% CI 0.13 to 0.26)



IMPROV Study
High Dose Pq Tolerability

Time Outcome
Control PQ14
Pomt EEHIE

N=464 N=935 N=937

Vomiting 11 (2.4%)  21(2.2%) 20 (2.1%)
42 days SAE
0 (0.0%) 9 (1.0%) 1(0.1%)
PQ related

AE All severities
1(0.2%) 13 (1.4%) 2 (0.2%)




High Dose PQ

High dose primaquine is associated with higher mean Hb

Haemoglobin {g/dL)

14.5

_/
PQ14 vs Control
0 45 90 135 180 225 270 315 360

Time (days)

Haemoglobin (g/dL)

13.5

134

12.5

/

PQ7 vs Control

— T day PQ
Control

0

45

90

135 180 225 270 315 360

Time (days)



The Long And The Short Of It....

Adherence Issues

High Dose High Dose Low Dose Low Dose High Dose Weekly
7 days 14 days 7 days 14 days 21 days x8

Safety Concerns

JITMM, Bangkok, December 12t 2018




Study 582 (Part 2)

1.0 «

0.8
, 06 Trialled against low
533 0.4 dose Pq
g ¢ * Plus Chloroquine

0.2 - e Pts >16 yrs

0-0 1 1 1 1 1 1 1 i GGPD >70%

0 30 60 90 120 150 180 210
Time (days)

FDA Approval in USA - July 2018 R

TGA approval in Australia — August 2018 o PR

JITMM, Bangkok, December 12t 2018




Innovation:
Point of Care G6PD Diagnostics



Qualitative G6PD testing

. Standard test

. Waterbath b el

. UV-light

. Refrigerator

. Long time to result ¢ Resultin 20 minutes
. Difficult to read

e Same performance as FST

. Short shelf life * Approx. 1.5 US Dollar / test

. Approx. 50c to $11 per test

JITMM, Bangkok, December 12t 2018

30% G6PD activity

Haemolysis

Haemolytic Risk

20

|
I
|
I
1
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- 4 60 80

G6PD Enzyme Activity

100



Quantitative G6PD testing

Spectrophotometry

Biosensors

Haemolytic Risk

|
- |—>

Haemolysis

G6PD Enzyme

. Handheld Activity

. Temp dependent

. Result in few minutes

. Result in IU/dL or U/gHb

. Machine approx. 200-700 USD
. Strips approx. 1.5-2.5 USD

« Reference method
e Lab infrastructure
e Complicated

* Very expensive

e Long time to result

Frequency (n)

U/gHb = % Activity

) L
3 [ -
o 4

m B PR P S
5 2 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18 20 22 24 26
G6PD Activity (Ufg Hb)

U
Alam et al PLoS One 2018 | %SDBIOSENSOR |

JITMM, Bangkok, December 12t 2018
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Innovation:
Broadening the indication



High Risk of Pv after Pf

Thailand Brazil

43% risk of Pv recurrence in
patents with Pf treated with AL

2.2
mono-Pf - ——

84 :

3 Short half-life ‘ 4.4
Q ——— Intermediate half-life mixed Infection - : -
[=4 . L
g | = Long half-life H
£ el : 6.9
s mono-Pv - ! —p
2 :
= (=1 8.

. B H

2 o .
£ o non-malaria fever - §
= trend P <0001 : .
o L] L LA B LA L] L] LA LN AL
s 8 04 1 10
£ ’_r__r—' Hazard Ratio

2

c‘ 2 L T T T T T T T T T

0 7 14 21 28 35 42 49 56 63
Time (days)
Vito-Silva et al MalJ 2016
Douglas et al CID 2011
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Risk of Pv after Pf

Species Number of records 12(%) Risk %, (95% Cl)
(number of studies)
Day 28
AL P vivax 23(17) 836 |+ 1.9 (0-4-3-9)
Any species 95-8 —0— 8.9(3-6-15-8)
DP P vivax 5(5) 00 3 0-0 (0-0-1-3)
Any species 203 o- 1.4 (0:0-4-2)
AM P vivax 12 (10) 60-1 3 0-3(0-0-13)
Any species 775 o 21(0-6-4-4)
Day 42
AL Puivax 10 (10) 972 15:3(51-293)
Any species 95.7 28.3(16-8-41.3)
DP P vivax 13(12) 86.9 . 45(1:2-9-3)
Any species Q5.2 —_— 16-8 (7-4-28-8)
AM P vivax 19 (15) 89.2 . 5:2(2:9-7:9)
Any species 91.2 —0— 10-9 (7-4-15-0)
Day 63
AL P vivax 1(1) \ 33:5(27-7-39:5)
Any species - —0— 58.1(51.9-64-1)
DP  Puivax 8(6) 964 162 (7:6-27:2)
Any species 961 28.7 (17-8-41.0)
AM P vivax 9(8) 92.0 15-7 (8-6-24-4)
Any species 94-4 < 25.2 (14.9-37.0)
20 40 60
Risk (%)

After ACT...

The greatest risk of
recurrent parasitaemia
and transmission is from

P. vivax not P. falciparum

153 studies, 31,262 patients, 323 site-specific

Commons et al Lancet ID, In Press
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Mass Drug Administration

LLIN 80% + first-line TQ + TQ MDA

50% = 1 MDA — 100%
v
40% —
Papua
(]
New § 80%
. g Pcr PP | 500
Guinea B S -
= 20% —
a
10% Micros PvPr
0% — 0%
| | 1 1
2000 2010 2020 2030

Year

White et al Nature Communications 2018
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: Thailand
Cost Effectiveness o
G6PD Screening and Primaquine
Costs: Treatment, Diagnosis, Recurrence, Pq Adverse events

Cq alone vs Cq/Pq Vs Cq/Pq

i G6PD Screening i No G6PD Screening

Similar Costs Screening: modest cost saving

+ Averting DALYs + Averting DALYs
. 50 _ 50
% 25 % 51 [
Py N
3T g’ AR
§ -25 g 2] [
* 50 " 50

0.00 0.25 0.50 0.00 025 0.50
DALYs averted DALYs averted

Devi tal PLoS NTD 2017
https://malaria.shinyapps.io/gbpd_screening/ evine et al FLo
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Translation

 Radical Cure

= js crucial for timely control and elimination
= has potential to save lives

= can be cost effective

e We have the tools to hand

= G6PD diagnostics
= Short course Pq / Tfq

* So what is the problem ?



Innovation, Translation, Impact

INNOVATE but prioritise the Basics

= Passive =» Active case detection

= Prevention

TRANSLAT'ON Evidence and Action, ? Consensus

IMPACT: Accountable - to patients, funders, the public
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