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Pyramax®  
Paediatric
(pyronaridine-artesunate)

Patient confirmatory

Target Indication: Acute, uncomplicated  

P. falciparum and blood-stage  

Plasmodium vivax malaria in adults  

and children weighing 5–20 kg

TPP:1 3-day artemisinin-based combination 

therapy

Project Leader: Dr Isabelle Borghini- 

Fuhrer, MMV

Partners: Shin Poong Pharmaceutical Co. 

Eurartesim®  
Paediatric
(dihydroartemisinin-piperaquine)

Patient confirmatory

Target Indication: Acute, uncomplicated  

Plasmodium falciparum malaria in infants 

and children weighing 5–24 kg

TPP:1 3-day artemisinin-based combination 

therapy

Project Leader: Gianemilio Stern,  

Sigma-Tau Industrie Farmaceutiche Riunite, 

Italy

MMV Project Director: Aleksandra 

Misiorowska

Eurartesim®

New medicines 
for vulnerable 
populations
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Developing medicines for children

C hildren under the age of 5 years 

are the main victims of malaria. 

Yet few antimalarial medicines have 

been developed with children’s needs 

in mind, with the exception of Coartem® 

Dispersible, developed by the MMV/

Novartis partnership. This is an issue, 

because children are not simply little 

adults; they absorb and metabolize 

medicines differently. Additionally, 

antimalarial medicines are bitter; a child 

already nauseous from malaria may 

vomit the medicine and not receive a 

complete curative dose. Children need 

palatable medicines adapted to their 

weight and age. 

MMV aims to address this imbalance. 

Child-friendly formulations of the recently 

approved Pyramax and Eurartesim are 

under development and are expected to 

be submitted for regulatory approval in 

2014 and 2015, respectively. 

1 TPP: Target Product 

Profile.

2 World Health 

Organization, “World 

Malaria Report 2013”: 

www.who.int/malaria/

publications/world_

malaria_report_2013/

en/

3 Price RN et al. “Vivax 

malaria: Neglected 

and not benign.” Am 

J Trop Med Hyg. 

77:79–87 (2007).

 4 Talisuna A et al. 

“Repeated treatment 

with fixed-dose 

artesunate-

amodiaquine 

vs. artemether-

lumefantrine in 

Ugandan children 

under 5 years of age 

with uncomplicated 

malaria.” Poster 

presentation at 

American Society 

of Tropical Medicine 

and Hygiene Annual 

Meeting, Nov 2013.

 5 Vitor-Silva S et al. 

“Malaria is associated 

with poor school 

performance in an 

endemic area of the 

Brazilian Amazon.” 

Malar J. 8:230 (2009).

ISSUE

Children are the hardest hit by 
malaria, but to date there has only 
been one high-quality paediatric 
artemisinin-based combination 
therapy (ACT) developed. 

SOLUTION

Develop paediatric formulations  
of new high-quality antimalarials.

ACTION

MMV and partners develop and 
register paediatric formulations 
of the recently approved ACTs, 
Eurartesim® and Pyramax®.

Children are  
the hardest hit   

77% of those who die from malaria 

are children under 5 years of age2

That’s ~483,000 young lives lost 

every year2

Or one child every minute2

One episode of malaria keeps a 

child from school or an adult from 

work for at least 3 days3

In high-transmission areas children 

may suffer up to 26 episodes of 

malaria over 2 years4

Malaria has adverse effects on 

cognitive development: even one 

episode of malaria can compromise 

a child’s school performance5
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 Dr Isabelle Borghini-Fuhrer

 
 Director, Product Development, 
MMV, talks about the progress 
made and challenges of 
developing paediatric medicines.

What progress has been made to 

develop a paediatric formulation 

of Pyramax?

The current Pyramax tablets are 

approved to treat patients that are at 

least 20 kg. To address the needs of 

smaller patients the MMV/Shin Poong 

partnership have also developed a 

special granule formulation, which 

can be dispersed in a small amount of 

liquid. This will be much more suitable 

for children. The clinical studies have 

been completed, and the dossier will be 

submitted to the European Medicines 

Agency towards the end of 2014.

What are the challenges in the 

development of child-friendly 

medicines?

Recruiting children into clinical trials has 

very special ethical considerations and 

rightly so, as they are fragile, particularly 

as they are still developing. As a result, 

obtaining informed consent for a child to 

be involved in a study is more delicate 

than for an adult. It is therefore, safer 

to first start a trial with adults and be 

reassured about the risk–benefit profile 

of the drug before moving into children. 

These factors mean the development 

process for paediatric medicines is more 

complex and lengthy.

Palatability is also a big issue in 

developing antimalarials for children, 

since these medicines can be very 

bitter making it difficult to administer a 

full dose to the child. Dosage is key for 

antimalarials; we must ensure a child 

gets enough medicine to cure them 

and to prevent the development of drug 

resistance. This can make formulation 

development more complex.

What lessons can be applied 

to the development of next-

generation paediatric medicines?

One of the key things we have learnt is 

to think about the paediatric formulation 

right from the outset and even consider 

developing an adapted paediatric 

formulation that could be used in adults. 

We have also learnt how to ensure 

the stability of medicines in very warm 

and humid conditions. We now know 

which formulations and packaging can 

resist the heat. In addition, our access 

team has conducted market research, 

determining the importance of palatability 

and minimizing the volume of added 

liquid needed to administer the medicine.

It’s also really important to find trial sites 

with experienced paediatricians who are 

malaria experts. The children enrolled 

in the trial must be monitored every 6 

to 8 hours, and remain hospitalized, so 

it’s key to have somewhere nearby for 

the mother or family members to stay. 

Thankfully, we now have a really good 

network. One of our investigators in 

Gabon for the Pyramax paediatric trial, 

said that the medicine worked so quickly 

it made follow-up difficult as the children 

were already outside playing football and 

not in their beds!

Q

Q Q

“Malaria is a nightmare for us,” was the 

immediate reaction from Christopher 

Mundia when asked about the malaria 

situation in his home area of Chipulukusu 

Township, Ndola, Zambia. Swampy 

vegetation surrounds the township, 

contributing to high malaria transmission 

all year round. Christopher’s  daughter, 

Phyllis, is just recovering from the 

disease. “Phyllis was treated last 

week.   Look at her; she still looks pale,” 

Christopher commented.

Unfortunately, a child suffering from 

malaria is not a rare occurrence in 

the Mundia household. “We have 

two children under 5 years who get 

malaria six to seven times a year,” said  

Christopher. “We also have a 7-year-old 

and a 9-year-old who both needed to 

be hospitalized with severe malaria. Our 

home is devastated by malaria.”

“Malaria seriously affects our economic 

situation,” said Agness Mundia, Phyllis’s 

mother. “I cannot engage in any form 

of productive activity to supplement 

my husband’s salary, as I am often at 

home nursing one child after another. 

Sometimes I have to be in hospital with 

the children, nursing them because they 

are severely ill and require quinine in a 

drip for treatment.” Christopher added 

“My workplace has cautioned me 

several times because of the repeated 

need to assist my wife with our sick 

children.” 

Fortunately, the family live just 3 km 

away from the nearest clinic, where they 

can access high-quality artemisinin-

based combination therapies at no 

cost. “If there were no drugs in the 

health facilities, we would never be able 

to afford to keep buying them to give 

to the children. These drugs are very 

important to us; they form part of our 

daily lives because of the situation we 

live in.” 

The Mundia family – regularly afflicted by malaria
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T he West Africa RBM SMC working 

group, comprising malaria-

endemic country institutions, malaria 

control programme managers and 

international partners, was established 

to support countries in their planning, 

implementation and monitoring of SMC. 

As part of the group, MMV provides 

technical support to determine drug 

demand and ensure relevant supply, as 

well as operational support in the form 

of an SMC tool kit, based on WHO’s 

SMC Field Guide, to facilitate planning, 

training and monitoring. 

In addition, MMV is assisting Guilin to 

obtain WHO prequalification for a co-

blistered formulation of SP+AQ and 

develop a child-friendly dispersible 

formulation of two doses reflecting 

WHO recommendations. This will make 

the medicine easier to take and thus 

encourage patient adherence. 

Sulfadoxine- 
pyrimethamine 
+ amodiaquine 
(SP+AQ)
Under review for WHO prequalification

Indication: SMC for children in areas  

of highly seasonal transmission across  

the Sahel sub-region1

TPP:4 Intermittent chemoprevention

Potential impact: 

prevent around 75% of malaria episodes1

child from malaria

Partners: 

 

MMV Project Director: Aleksandra 

Misiorowska

1 WHO Policy Recommendation: “Seasonal Malaria 

Chemoprevention (SMC) for Plasmodium falciparum 

malaria control in highly seasonal transmission areas 

of the Sahel sub-region in Africa”. March 2012: 

www.who.int/malaria/publications/atoz/smc_policy_

recommendation_en_032012.pdf

2 Cairns M et al. “Estimating the potential public health 

impact of seasonal malaria chemoprevention in African 

children.” Nat Commun. 3:881 (2012).

3 Seasonal Malaria Chemoprevention: previously termed 

intermittent preventive treatment in children, is the 

intermittent administration of full treatment courses of 

an effective antimalarial medicine during the malaria 

season to prevent malarial illness.

4 TPP: Target Product Profile.

ISSUE

In some parts of Africa, more than 
60% of malaria cases occur in just  
4 months of the year, during the  
rainy season.1 Around 39 million 
African children under 5 years  
of age live in these regions and  
an estimated 152,000 die from 
malaria each year.2

SOLUTION

In March 2012, WHO-recommended 
seasonal malaria chemoprevention 
(SMC)3 with sulfadoxine-
pyrimethamine and amodiaquine 
(SP+AQ) for children aged between 
3 and 59 months in areas of high 
seasonal malaria transmission across 
the Sahel sub-region, where SP and 
AQ remain effective.1 In east and 
southern Africa, there are high 
levels of resistance to SP. 

ACTION

As part of the West Africa Roll 
Back Malaria (RBM) SMC working 
group, MMV is working to support 
the implementation of SMC in the 
Sahel sub-region; and with Guilin to 
develop child-friendly formulations.

Protecting the most vulnerable
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Q

Prof. Jean Louis Ndiaye

 
 Cheikh Anta Diop University of 
Dakar, Senegal, conducted a 
pilot study from 2011 to 2012 
combining SMC with home 
management of malaria. He 
explains the challenges and the 
potential impact of SMC.

What impact do you believe 

SMC can have for the children 

of Senegal and the wider Sahel 

region?

Based on our pilot study we know 

that SMC can protect around 83% 

of children from malaria. This means 

that, free from malaria, children are 

able to attend school and parents are 

able to go to work. It also means the 

workload of health workers is reduced 

during the transmission season. We are 

starting to see empty hospital beds in 

districts where SMC is implemented. 

In addition, during SMC rounds, when 

a volunteer comes across a sick child, 

he/she will then be referred to a health 

centre; so SMC is acting as a screening 

programme and improving overall health 

care in rural villages. At the national 

level, I believe it can help us reach the 

pre-elimination stage of malaria control.  

Based on your experience in 

Senegal, what key hurdles 

must be overcome to ensure 

widespread implementation of 

SMC across the Sahel?

The key is to ensure countries secure 

sufficient quantities of the medicines 

in a timely fashion. This is particularly 

important for SMC – if you miss 

the season, you have missed the 

opportunity to use and benefit from 

this preventive strategy. To avoid this, 

it’s important to communicate the 

importance of SMC and to mobilize 

adequate funding. 

Today, there is only one manufacturer 

producing SP+AQ that is approved 

for purchase by the Global Fund. We 

need to ensure that this company has 

the capacity to manufacture sufficient 

quantities. 

We also need to work on ensuring 

people (mostly mothers, caregivers 

and community health workers) are 

sensitized to the use and importance of 

SMC, to ensure drug compliance. At the 

moment, we have two drugs that are co-

blistered, which means we cannot be 

sure that children are always receiving 

both the medicines at the same time.  

Also, there is no infant formulation. 

When you are treating young children 

and giving them tablets it is not really 

easy, especially as AQ is very bitter. You 

sometimes see children running out of 

the house when the time comes to take 

their medicine. If they don’t take the 

complete course there can be problems 

with under dosing, which can then lead 

to drug resistance. 

What do you think is the likelihood 

that drug resistance to the current 

SMC drug regimen will emerge? 

How will this be managed?  

We might see resistance emerging. 

During the implementation pilot, we saw 

that there was an increase in molecular 

markers for drug resistance in the SMC 

districts. It wasn’t at a level where we 

need to be concerned at the moment, 

but it is something we must monitor 

at least every 2 years. There are some 

places in east and southern Africa 

where you probably would not be able 

to use SP+AQ because of the levels of 

resistance. In Senegal, we should have 

3–5 years of effective SMC, combined 

with artemisinin-based combination 

therapy for treatment; with this, I think 

we can move to pre-elimination.   

Q

Q
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Optimizing pre-referral treatment for severe malaria

W ith the support of UNITAID, 

MMV is working  to obtain 

WHO prequalification of a rectal 

artesunate product for pre-referral 

management of patients with severe 

malaria. MMV has identified interested 

and proficient pharmaceutical partners 

to manufacture rectal artesunate and 

is working with them to obtain WHO 

prequalification for their products. This 

process will build on clinical studies 

led by the World Health Organization 

Special Programme for Research 

and Training in Tropical Diseases 

(WHO-TDR), which demonstrated the 

benefits of rectal artesunate. Moving 

forward, manufacturers that are 

able to demonstrate their product is 

bioequivalent to that used in WHO-TDR’s 

studies will be in a position to seek 

WHO prequalification. MMV is working 

with partners to conduct bioequivalence 

studies and prepare for launch in 

malaria-endemic countries. The goal is 

to bring a WHO-prequalified version of 

rectal artesunate to patients in 2016. 

To this end, MMV is conducting market 

research to optimize the use of the drug. 

The first step is to understand current 

guidance and practice regarding pre-

referral treatment for severe malaria 

in priority countries. The next step 

will be to quantify the demand for 

rectal artesunate, ultimately, to ensure 

manufacturers can meet that demand. 

1 World Health 

Organization. “Malaria 

in children under five”: 

www.who.int/malaria/

areas/high_risk_

groups/children/en/

2 TPP: Target Product 

Profile

3 World Health 

Organization. “Rectal 

artesunate testing and 

delivery”: www.who.int/ 

tdr/research/malaria/

rectal_artesunate/en/

Rectal 
artesunate
Preparing for WHO prequalification

Indication: Pre-referral treatment for 

severe malaria

TPP:2 Severe malaria

Potential impact: A single dose reduces 

the risk of death by half in children when 

the time for referral exceeds 6 hours3

MMV Project Director: Pierre Hugo

ISSUE

Rectal artesunate can substantially 
reduce the risk of death or disability 
for patients with severe malaria who 
are unable to receive oral treatment 
or access injections.1 Today, 
however, no WHO-prequalified 
product is available.

SOLUTION

Obtain WHO prequalification for 
rectal artesunate.

ACTION

1. Identify interested and 
competent pharmaceutical 
partners, support activities 
to demonstrate quality and 
bioequivalence of products to 
support WHO prequalification.

2. Optimize the use of rectal 
artesunate in low-resource 
settings.
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ESAC  Expert Scientific Advisory Committee

GSB  
Global Safety Board

MMV Board of Directors/Executive Committee/Financial Audit Committee

APMAC
Access and Product 
Management
Advisory Committee

APAC Authorization for Phase III/Advancement Committee

Access and
Product

Management

G
O

V
E

R
N

A
N

C
E

1 Brand name: Coartem® Dispersible, generic by Ajanta

2 Brand name: Artesun® 

3 Brand name: Eurartesim® 

4 Brand name: Pyramax®  

5 Brand names: CoarsucamTM, ASAQ/Winthrop®, FDC generics by Ajanta, Ipca, Guilin, co-blistered generics by Strides, Cipla 

6 Also Acino/Mepha product (co-blistered)

Non-artemisinin-based therapy
Artemisinin-based therapy 
Included in MMV portfolio post registration
First approval by WHO prequalification, or by regulatory bodies who are ICH members or observers 

Novartis 
Miniportfolio 

Novartis 
1 project

GSK 
Miniportfolio 

Sanofi
Miniportfolio 

GSK 
3 projects

Sanofi 
Orthologue Leads

AstraZeneca 
Whole Cell Leads

Anacor
Oxaboroles

Liverpool 
School 
of Trop Med/
Univ. Liverpool 
Tetraoxanes

AstraZeneca 
Miniportfolio
 

Celgene
Heterocycles
 

Univ. Campinas
Heterocycles

Daiichi-Sankyo 
Screening

Univ. Cape 
Town
Aminoyridines

Takeda
Screening

Univ. Dundee
Heterocycles 

Univ. Sydney
Open Source 
Drug Discovery

MMV 
Pathogen Box

Other projects 
16 projects

Merck Serono
Amino-alcohols

P218 DHFR
(Biotec/Monash 
Univ./London
School of Hygiene 
& Trop Med)

DSM265
(Univ. Texas 
Southwestern/  
Univ. Washington/
Monash Univ.)

KAE609 
Novartis

MMV390048
(Univ. Cape Town)

(+)-SJ557733
St Jude/Rutgers

ELQ-300 
(Univ. South 
Florida/Oregon 
Health & Science 
Univ.)

21A092 
(Drexel Univ./ 
Univ. Washington) 

Azithromycin-
chloroquine 
(AZ-CQ) 
Pfizer

Tafenoquine 
GSK

Pyronaridine-
artesunate
paediatric
Shin Poong/
Univ. Iowa 

Artemether- 
lumefantrine
dispersible 1
Novartis  

Artesunate 
for injection 2 
Guilin  

Dihydro-
artemisinin- 
piperaquine 3
Sigma-Tau 

Pyronaridine-
artesunate 4
Shin Poong/ 
Univ. Iowa 

Artesunate- 
amodiaquine 5 
DNDi/Sanofi 

Univ. Texas 
Southwestern/  
Monash Univ./ 
Univ. 
Washington
DHODH

Dihydro-
artemisinin-
piperaquine
paediatric 
Sigma-Tau

OZ439/PQP
(Monash Univ./

Univ. Nebraska/

Swiss TPH)

Research Translational Development APM
Lead

optimization
Preclinical Human

volunteers
Patient

exploratory
Patient

confirmatory
Under review Approved

3-day cure/artemisinin-based combination therapies
Single-dose cure 
Severe malaria 
Intermittent chemoprevention 
Relapse prevention

Fast clearance  (TCP1)
Long duration  (TCP2)
Relapse prevention  (TCP3a)
Transmission blocking (TCP3b)
Chemoprevention  (TCP4)

Rectal 
artesunate 
MMV/WHO-TDR

TCP: Target Candidate Profile

TPP: Target Product Profile

*

SP+AQ
(sulfadoxine-
pyrimethamine  
+ amodiaquine)

Guilin 

OZ439/FQ
Sanofi

KAF156
Novartis

Eisai
Screening

Artesunate- 
mefloquine 6 
Cipla/DNDi 

*

MMV portfolio – 4th quarter 2013


