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Abstract

Background Severe malaria is a life-threatening infection, particularly affecting children under the age of 5 years

in Africa. Current treatment with parenteral artemisinin derivatives is highly efficacious. However, artemisinin partial
resistance is widespread in Southeast Asia, resulting in delayed parasite clearance after therapy, and has emerged
independently in South America, Oceania, and Africa. Hence, new treatments for severe malaria are needed, and it

is prudent to define their characteristics now. This manuscript focuses on the target product profile (TPP) for new
treatments for severe malaria. It also highlights preparedness when considering ways of protecting the utility of arte-
misinin-based therapies.

Target product profile Severe malaria treatments must be highly potent, with rapid onset of antiparasitic activity
to clear the infection as quickly as possible to prevent complications. They should also have a low potential for drug
resistance selection, given the high parasite burden in patients with severe malaria. Combination therapies are
needed to deter resistance selection and dissemination. Partner drugs which are approved for uncomplicated malaria
treatment would provide the most rapid development pathway for combinations, though new candidate molecules
should be considered. Artemisinin combination approaches to severe malaria would extend the lifespan of current
therapy, but ideally, completely novel, non-artemisinin-based combination therapies for severe malaria should be
developed. These should be advanced to at least phase 2 clinical trials, enabling rapid progression to patient use
should current treatment fail clinically. New drug combinations for severe malaria should be available as injectable
formulations for rapid and effective treatment, or as rectal formulations for pre-referral intervention in resource-lim-
ited settings.

Conclusion Defining the TPP is a key step to align responses across the community to proactively address the poten-
tial for clinical failure of artesunate in severe malaria. In the shorter term, artemisinin-based combination therapies
should be developed using approved or novel drugs. In the longer term, novel combination treatments should be
pursued. Thus, this TPP aims to direct efforts to preserve the efficacy of existing treatments while improving care

and outcomes for individuals affected by this life-threatening disease.
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Background

In 2017, Medicines for Malaria Venture (MMV) pub-
lished a paper identifying gaps in the malaria arma-
mentarium, including drugs to treat severe malaria, and
how these gaps might be addressed [1]. This follow-up
publication specifically concerns the target product pro-
file (TPP) for new severe malaria therapies, consider-
ing recent insights from field observational studies and
developments related to drug resistance [2].

Severe malaria is predominantly caused by Plasmodium
falciparum [3], though Plasmodium vivax and Plasmo-
dium knowlesi also cause severe disease [4, 5]. An esti-
mated 1% to 3% of uncomplicated malaria cases evolve
to severe cases [3]. Risk of severe disease is dependent
upon the level of acquired immunity and co-morbidities
and mortality risk increases with increasing parasite
burden [6]. In areas of high transmission, those most at
risk include young children, pregnant women, people liv-
ing with HIV, and malaria-naive travellers or migrants
[3, 7-9]. In 2022, 95% of the 608,000 estimated global
malaria deaths occurred in the WHO Africa region, and
76% of all deaths were in children under five years old [3].
Pregnant women are three times more likely to progress
to severe malaria than non-pregnant women owing to
immunological changes during pregnancy and P, falcipa-
rum placental sequestration [8]. Co-infection with HIV
and malaria increases the risk of severe malaria in adults
and children, particularly if anti-retroviral therapy is not
optimized [9]. In regions of low transmission, immunity
may not be acquired in childhood leaving adults vulner-
able to severe disease.

Severe malaria is a medical emergency that is often
the consequence of delayed presentation or diagnosis
[10]. Without treatment, mortality from severe malaria
approaches 100%, particularly for cerebral malaria with
multiorgan dysfunction or metabolic complications [11].
For surviving patients there may be significant morbid-
ity, including severe anaemia and neurological sequelae
[6, 11, 12]. However, with prompt effective anti-malarial
treatment and supportive care, the mortality rate from
severe malaria is reduced to<5% [13-15].

Current treatment
The current recommended treatment for severe malaria,
including infants and pregnant/lactating women, is intra-
venous or intramuscular artesunate for at least 24 h and
until oral medication can be tolerated, followed by com-
pletion of treatment with three days (a full course) of
artemisinin-based combination therapy (ACT) [11].
Parenteral artesunate demonstrated high efficacy for
the prevention of mortality in two large-scale clinical tri-
als, with superiority over parenteral quinine, the stand-
ard-of-care for many decades [13, 14]. Quinine requires
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a constant rate infusion three times a day or can be
administered twice daily by intramuscular route, which is
a reliable and potentially a safer route of administration
[16]. Adverse events associated with quinine use include
hyper-insulinaemic hypoglycaemia and neural, retinal,
and auditory toxicity [17, 18]. Thus, parenteral artesunate
also has convenience and safety advantages over quinine,
as well as reducing the burden for the healthcare profes-
sionals [13, 14].

The follow-up ACT is necessary because although
artesunate will rapidly reduce parasitaemia, a propor-
tion of parasites will enter induced dormancy [19]. These
parasites evade artemisinin, and up to 50% of uncom-
plicated malaria cases treated with less than six days
of artemisinin monotherapy may have recrudescence
of parasitaemia within 28 days, with recrudescence
rates~80% in severe malaria [19-21]. This dormancy
mechanism is distinct from artemisinin partial resist-
ance and can be addressed by combining artemisinin
with another anti-malarial drug, as in the case of ACT for
uncomplicated malaria, or in severe malaria by following
parenteral artesunate with ACT.

Although parenteral artesunate followed by ACT is
highly efficacious, severe malaria continues to cause sig-
nificant mortality because optimal care is not accessible
or systematically delivered [22]. As a stop-gap measure to
deliver rapid treatment to children in remote areas, a rec-
tal artesunate formulation was developed based on evi-
dence of its ability to reduce mortality in children facing
delays of over 6 h in receiving parenteral treatment [23].
Rectal artesunate is only indicated where prompt access
to a higher-level facility is unavailable. Severe malaria
requires specialist comprehensive supportive care and
cannot be managed in the community setting. Thus,
the recommendation of the World Health Organization
(WHO) is to treat children<6 years with a single rectal
dose of artesunate, with immediate referral to an appro-
priate facility for further care including intramuscular or
intravenous artesunate followed by a full course of ACT
[11].

The sequential treatment paradigm for severe malaria
creates problems in supporting complete adherence to
referral and treatment by patients, increasing the poten-
tial for poor outcomes and resistance selection (Fig. 1). In
malaria endemic countries, maintaining the continuum
of care has been challenging, given the insufficiencies of
health systems, particularly in remote areas, with added
economic burdens on families for completing referrals
[22, 24-26]. The number of children who complete refer-
ral following pre-referral rectal artesunate is suboptimal,
compounded by operational, economic and logistical
barriers, and undermines the effectiveness of this inter-
vention [26-28]. Also, following parenteral artesunate,
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» For community pre-referral use

Rectal artesunate
» Prompt referral required

Referral

Parenteral
treatment with
artemisinin-based
monotherapy

» Only where access to higher-level facilities is limited
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All steps must be:
» Accessible
» Affordable
* Acceptable

» Higher-level facility referral needed to provide
supportive care and parenteral treatment

* Only available at higher-level facilities

Full course of oral

artemisinin-based

combination therapy

» Provided in the higher-level facility
and/or with follow-up in the community

Fig. 1 Continuum of care for severe malaria. Rectal artesunate is only indicated where prompt access to a higher-level facility is unavailable.
For effective management of severe malaria, patients must complete referral to ensure that appropriate supportive care is available, receive
adequate treatment with parenteral artesunate, and complete follow-up oral medication with artemisinin-based combination therapy

although a full ACT course is crucial to prevent recru-
descence, it is often either not prescribed or adherence
is incomplete [26—30]. Not only does this risk poor out-
comes, but it constitutes artemisinin monotherapy which
may promote the selection of drug resistance [26].

Rationale for the TPP

Preparedness for impaired artemisinin clinical efficacy

A key concern with the current treatment of severe
malaria is that it is highly vulnerable to any reduction in
artemisinin clinical efficacy [31]. High-level P. falcipa-
rum artemisinin resistance has not been observed clini-
cally but can be induced under drug pressure in vivo
[32]. Artemisinin partial resistance, which emerged ini-
tially in the Greater Mekong sub-region (GMS), is char-
acterized by delayed parasite clearance after therapy [1,
2]. Artesunate has rapid parasiticidal activity and activ-
ity against early ring stages [33], deterring maturation
to late-stage erythrocytic forms that are most associ-
ated with severe malaria pathology [34]. Modelling
studies suggest that delayed parasite killing associated
with artemisinin partial resistance may affect clinical
outcomes for some patients with severe malaria [35].
However, reports of intravenous artesunate failures

from the GMS where artemisinin partial resistance is
established, but where severe malaria is uncommon, are
limited [36, 37]. Nevertheless, WHO guidelines suggest
a combination of parenteral artesunate and quinine
for severe malaria in regions with artemisinin partial
resistance [11], though clinical data are sparse on the
feasibility, safety and efficacy of this combination [38].

Non-synonymous mutations in the P falciparum
kelch propeller domain (Pfk13) have been validated as
molecular markers for artemisinin partial resistance
[39], and molecular surveillance has shown its inde-
pendent emergence in Southeast Asia, South America,
Oceania and Africa [2]. Mutations known to be associ-
ated with delayed parasite clearance have been identi-
fied in Ghana, Rwanda, Uganda and Tanzania [3, 40].
There is a clear knowledge gap regarding the clini-
cal impact of artemisinin partial resistance in severe
malaria in the context of Africa, and in particular for
children under the age of 5 years. In Rwanda, day 3 pos-
itivity rates following ACT of uncomplicated malaria
were 15% and associated with Pfk13 R561H. These
findings continue to fuel the debate regarding the con-
tinued efficacy of artemisinin-based monotherapy for
severe malaria in Africa.
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Simplifying the continuum of care

A large implementation study conducted in the Demo-
cratic Republic of the Congo, Nigeria, and Uganda
pointed to shortcomings in the quality of care for severe
malaria [24-26, 41, 42]. These included a lack of referral
completion post administration of rectal artesunate and
inadequate follow-up with oral ACT, with many patients
receiving only rectal and/or parenteral artesunate [24—
26, 41, 42]. Although these issues stem from deficiencies
in healthcare systems, simplification of the continuum of
care, with fast acting drugs that provide rapid cure and
prevent recrudescence, should be an objective of drug
development.

Addressing uncertainty in the continuum of care

There is uncertainty regarding the impact of artemisinin
partial resistance on outcomes and the potential for fur-
ther evolution of parasite resistance to artemisinin as well
as concerns about the effectiveness of the continuum of
care. The status, assumptions, unknowns and scenarios
are summarized in Fig. 2. Given the life-threatening nature
of the disease and the potentially serious consequences
should artemisinin clinical efficacy in severe malaria be
compromised, it is prudent to plan for scenarios 2, 3 and
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4 by defining the required characteristics for new treat-
ments in a specific TPP for this indication.

Updating the TPP for new severe malaria
therapeutics

Strategy for new therapeutics

A near-term approach is to add approved anti-malarial
compounds as partners to the current parenteral and rec-
tal artesunate-based therapies. This would enable efficacy
against P falciparum in the setting of artemisinin par-
tial resistance and mitigate the risk of further selection
and dissemination of resistant parasites. Using a partner
compound which is already approved for uncomplicated
malaria will shorten the development time because phar-
macokinetics, safety, tolerability and parasite kinetics are
already well understood. However, the risk of multi-drug
resistance selection is a concern [3, 43]. There is also the
possibility of adding a novel compound to the current
parenteral and rectal artesunate-based therapies.

In the longer term, there is a need to develop alterna-
tives to artemisinin and to identify completely new drug
combinations. These could be prioritized to proof-of-
concept, i.e., demonstration of clinical efficacy in chil-
dren with severe P. falciparum malaria. This would allow

Higher accessibility of data

Known

» Parenteral artesunate is highly
efficacious in severe malaria

+ Pre-referral rectal artesunate is highly
efficacious in severe malaria

» Effectiveness of therapy is
compromised by deficiencies in the
continuum of care

» Many patients receive artemisinin
monotherapy, impairing outcomes and
increasing the risk of resistance selection

» Artemisinin partial resistance is present
in Africa

Lower

uncertainty
Unknown

» The impact of partial artemisinin
resistance on the efficacy of artesunate
in severe malaria in African children

» The potential for the acquisition of
further resistance mechanisms to
artemisinin

» Whether new drugs that simplify the
continuum of care would enhance
feasibility and improve outcomes

Assumed

» Reduced clinical efficacy of artemisinin
derivatives in severe malaria would
increase malaria mortality rates,
particularly in children

» Resumption of quinine as
standard-of-care is not tenable
because of safety and tolerability
issues and barriers to feasibility

Higher
uncertainty
Scenarios
Artemisinin efficacy in severe malaria:
1. Is maintained indefinitely and issues in
access and effectiveness are overcome
2. Is maintained indefinitely but issues in
access and effectiveness cannot be
adequately addressed
3. Declines slowly over >10 years
4. Declines rapidly over <5 years

Lower accessibility of data
Fig. 2 Uncertainty matrix for the treatment of severe malaria with artemisinin derivatives
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rapid advancement and deployment should the clinical
efficacy of currently available therapy be compromised.
New severe malaria therapeutics should be developed
as fixed-dose combinations formulated for parenteral
and rectal administration. If physicochemical proper-
ties permit, a drug combination should be developed for
both parenteral and rectal administration. If this is not
possible, different combinations should be developed for
parenteral and rectal administration. To reduce the risk
of resistance selection, combinations should include two
drugs with different mechanisms of action and, ideally,
matched pharmacokinetic/pharmacodynamic attributes
[44]. There is the possibility that a sufficiently potent par-
enteral fixed-dose combination could elicit rapid cure,
negating the need for oral ACT follow-on treatment.

There are several new compounds in the current anti-
malarial portfolio that have potential for development
for severe malaria. Given the limited resources avail-
able, the TPP will allow efficient prioritization of these
compounds. The TPP was prepared after MMV-led
consultations with leaders in the research and clinical
management of severe malaria and the MMV Expert
Scientific Advisory Committee. Table 1 summarizes the
elements considered and the relevant targets based on
minimal targets and ideal criteria.

Indication and population
The main purpose of any new severe malaria product
is the treatment of P falciparum infection in children
under 6 years of age. Severe malaria is relatively uncom-
mon in African adults but there are populations who are
at risk for severe malaria, i.e., those living with HIV or
other chronic infections and malaria-naive travellers or
migrants [3, 7-9]. For example, people living with HIV
or other chronic infections, such as tuberculosis, may be
taking medications and ideally new anti-malarial drugs
would not be contraindicated in these populations owing
to drug—drug interactions.

Furthermore, pregnant women are at increased risk of
a severe form of malaria, and severe anaemia [47]. The
inclusion of pregnant women in the target population is
not only a medical need but an equity consideration [48].
Historically, pregnant women have been excluded from
the drug development process, necessitating the post-
registration collection of data on medication safety dur-
ing pregnancy through resource-intensive studies such
as pregnancy exposure registries, case—control studies,
and surveillance. In malaria-endemic regions, this could
be challenging due to weak pharmacovigilance systems,
irregular patient follow-up, and limited resources. Con-
sequently, there have been significant delays in the avail-
ability of efficacy and safety data during pregnancy,
impeding equitable access to new anti-malarial drugs
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by pregnant women. There have been growing calls in
recent years for a paradigm shift to integrate the evalu-
ation of drugs in pregnancy much earlier in the develop-
ment process to close the time lag.

The TPP proposes intentional and systematic data col-
lection from the pre-registration stages of development
through post-licensure to inform on the benefit:risk bal-
ance of new treatments for severe malaria during preg-
nancy. Initially, this involves efficient in vitro screening
and prioritization of lead compounds for non-teratogenic
profiles. Developmental reproductive toxicity studies in
animals can then be conducted early in the process to
allocate resources for clinical studies towards those drugs
with the greatest potential for use in pregnancy. Physio-
logically-based pharmacokinetic modelling is a valuable
tool to anticipate necessary adjustments for drug dosing
throughout pregnancy [49-53]. Phase 1 clinical phar-
macology trials for pregnant women should commence
concurrently with phase 3 trials for the non-pregnant
population [48]. Given the potential lethality of the dis-
ease, the benefit:risk profile in severe malaria is weighted
to ensure maternal survival unless it is known that a drug
presents a specific risk to the fetus.

While it is anticipated that the initial labelling for a new
treatment may not specifically include pregnant women,
the TPP considers this population from the outset of the
drug development programme. This proactive approach
also protects women and adolescent girls of childbearing
potential who might be treated for severe malaria before
their pregnancy is detected. Thus, the TPP stipulates that
different drug classes may be developed for children and
the adult/adolescent populations to reflect the different
reproductive toxicity profile requirements.

Formulation and presentation

Patients with severe malaria are rarely able to take oral
medication and need parenteral anti-malarial therapy to
quickly reduce/clear parasitaemia. Drug combinations
should be co-formulated and ideally offer a reduced dos-
ing frequency compared with current therapy. Artesu-
nate for intravenous or intramuscular injection requires
reconstitution, the solution cannot be prepared in
advance and the procedure is vulnerable to human error.
New injectable formulations should require minimum
reconstitution prior to dosing and should be stable in
high temperature conditions. A ready-to-use co-formu-
lation would be convenient, and a pre-filled syringe is an
ideal drug product, although new low-cost technologies
in this area are urgently needed. A rectal formulation will
have specific physiological and pharmaceutical require-
ments [54], and should be stable long term under high
temperature and high humidity conditions with non-
refrigerated transport.



Achan et al. Malaria Journal (2024) 23:174

Table 1 Target product profile for the treatment of severe malaria
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Parameter

Minimum essential

Ideal

Indication

Use population injectable

Use population rectal
Formulation/presentation

Dosing regimen for injectable

Dosing regimen for rectal for pre-referral
Duration of treatment

Continuum of care

Parasite stage of action

Parasite clearance kinetics

Susceptibility to resistance

Safety

Drug-drug interactions

Shelf-life of the drug product
Cost of treatment course

« Severe malaria caused by P, falciparum

- Children of all ages

OR

« Adults and adolescents, including use in preg-
nancy (all trimesters)

- Children of all ages

- Formulated to achieve rapid distribution (injectable
and/or rectal)

- Injectable formulation with minimal, simple recon-
stitution prior to dosing

- Feasible volume like that of injectable artesunate

« 2-3 times daily administration for the first 24 h
and until an oral uncomplicated malaria treatment
can be administered

« Dosing adjusted for patient weight

- Single dose

- Equivalent to current therapy including 3-day
follow-up with oral uncomplicated malaria treat-
ment

« Equivalent to current recommendations (Fig. 1)

« At least one component with good potency
against ring-stage parasites

« At least one component with immediate onset
of action

« At least one component with parasite clearance
kinetics equivalent to artesunate

- Active against known drug-resistant clinical isolates
- Low propensity of the combination for resistance
selection

« Resistance marker known and no cross resistance
with pre-existing resistance mutations

+ No severe drug-related adverse effects

+ No need for post-treatment cardiac monitoring
« Non-inferior to artesunate for risk of delayed
haemolysis

« Minimal drug interactions manageable with dose
adjustments

+>2 years at ICH zone IVa/IVb conditions®
- Price comparable to the standard-of-care®

- Severe malaria caused by P, falciparum and any
Plasmodium species or mixed infection®

Same as minimum essential
AND
Patients living with HIV and other chronic infections

Same as minimum essential

+ Ready to use injectable formulation, in a pre-filled
syringe or a blow-fill-seal device

- Injection volume lower than that of injectable
artesunate

- Once- or twice-daily administration (without
the need for oral follow-up treatment)

Same as minimum essential

+ Reduced treatment duration without the need
for oral follow-up treatment

- Simplification by eliminating any step, e.g., rapid cure
without the need for oral follow-up treatment

+ Both components with good potency against ring-
stage parasites and other erythrocytic stages

with or without activity against gametocytes

+ Both components with immediate onset of action
« Both components with parasite clearance kinetics
equivalent to artesunate

+ One component with parasite clearance kinetics
superior to artesunate

- Active against known drug-resistant clinical isolates
and laboratory generated drug-resistant parasites

« No selection of resistance mutations with the com-
bination

« No risk of delayed drug-induced haemolysis

« No clinically significant drug interactions

->3 years at ICH zone IVa/IVb conditions®
- Price equivalent or lower than the standard-of-care®

2 Activity against non-falciparum species would be demonstrated in vitro and would not be evaluated specifically in clinical studies of severe malaria

B ICH zone IVa is hot/humid zone (30 °C and 65% relative humidity) and IVb is hot/higher humidity zone (30 °C and 75% relative humidity) defined according to the
International Council for Harmonization of Technical Requirements for Pharmaceuticals for Human Use (ICH) climate stability zone criteria [45]

€ Artesunate reference prices as per the Global Fund to Fight AIDS, Tuberculosis, and Malaria in Q4 2023 were: artesunate powder for solution for injection 30 mg
$1.36,60 mg $1.37,and 120 mg $2.41, and rectal artesunate 100 mg (2 rectal capsules) $0.70, artesunate 100 mg suppository (2 pack) $0.70 [46]. However, given
that most of the cost of management of severe malaria relates to the hospitalization, then higher prices may be justified in cases of severe malaria which cannot be

managed with artesunate

Simplification of the continuum of care

An area which was not explored in previous TPPs was
the potential for new drugs for severe malaria to address
gaps that currently exist in the artemisinin-based contin-
uum of care (Fig. 1) [1, 55]. Ideally, parenteral adminis-
tration should be sufficient for clinical and parasitological

efficacy leading to a cure, without the need for an oral
treatment follow up. Where patients do not have access
within a few hours to well-equipped healthcare facilities,
there is a role for a pre-referral intervention. Combina-
tion therapy would overcome the issues of inadequate
referral increasing the risk of resistance selection, as is
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the case for rectal artesunate monotherapy. However, it
may leave the patient vulnerable to recrudescence. Thus,
a highly effective anti-malarial that could provide rapid
cure or which has a longer duration of action than artesu-
nate could avoid poor outcomes caused by referral delay.
However, it should be stressed that referral to hospital
is necessary to adequately manage the manifestations of
severe malaria.

Parasite stage of action and clearance kinetics

Severe malaria usually has high parasitaemia and rapid
progression. Therefore, treatments must be highly
potent, with rapid onset of antiparasitic activity to clear
the infection as quickly as possible and prevent complica-
tions. Compounds which are active against the early ring
stage have a higher potential for rapid action, as observed
for artemisinin, cipargamin (KAE609) and SJ733 [56, 57].
Also, as the pathology of severe malaria is driven by the
sequestration of late stage intraerythrocytic forms in tis-
sues and organs [34], drugs which can interrupt progres-
sion to these stages are likely to generate better outcomes,
as seen with artesunate, which is active against ring-stage
parasites [13, 14]. Ideally, drugs for severe malaria would
kill all erythrocytic stages with a low nanomolar potency,
and with potential to support a low dose in patients. Dose
is not only a factor for clinical management but is often a
considerable driver of the eventual cost of the product.

Potential for drug resistance

Drugs for use in severe malaria must retain full activity
against all existing clinically resistant strains of parasite
and should ideally have a particularly low propensity for
the selection of resistance in P falciparum. A key con-
cept is that a combination of drugs with different mecha-
nisms of action can protect each other from resistance
development. Random non-synonymous mutations
occur at a frequency of around 1 to 5 per 10° for blood-
stage parasites [58]. In severe malaria, parasitaemia can
be as high as 1.9 million parasites/uL (10" parasites per
human infection), increasing the statistical risk of resist-
ant mutant selection [59]. Similarly, gene amplifications
that improve survival will be more often selected at
higher parasitaemia under drug pressure [60]. Although
drug resistance usually manifests as a loss of efficacy dur-
ing the erythrocytic cycle, artemisinin partial resistance
is observed as a delay in parasite clearance [61]. Similar
resistance mechanisms could potentially emerge to com-
pounds with similar parasite kinetics. Thus, for any new
fast-acting compound used against severe malaria, it will
be important to assess the potential for both conven-
tional resistance acquisition and changes in parasite kill-
ing kinetics, and it will be important to consider risks in
the context of a combination regimen.
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Safety and tolerability

New drug combinations for severe malaria will need to
have a safety and tolerability profile at least as good as
that of artesunate. The main safety issue with artesu-
nate is delayed haemolytic anaemia, which is observed
particularly among non-immune travellers and young
children with high parasitaemia [62, 63]. Artesunate has
a dose limiting adverse event of neutropenia which pre-
cludes the use of higher doses to overcome any clinical
impact of artemisinin partial resistance [64, 65]. Ideally,
new drugs would not have these issues. Artesunate can
be given throughout pregnancy and evaluating new drugs
in pregnancy requires assessment of developmental and
reproductive toxicity risk before clinical data can be cap-
tured via post-marketing surveillance, which can take
some considerable time [66].

New therapies should ideally not have drug—drug inter-
actions that affect the efficacy or safety of anti-malarial
therapy or essential concomitant therapies, though dose
adjustments for concomitant therapies could be accept-
able if necessary. This is particularly important given that
the management of severe malaria involves addressing
diverse symptoms, which require additional therapies
such as diazepam, lorazepam, midazolam or intramus-
cular paraldehyde for convulsions, analgesics and antipy-
retics for pain and fever, and broad-spectrum antibiotics
for bacterial co-infections [11]. Additionally, the patient
could be receiving medications for any pre-existing con-
ditions or infections, including HIV and tuberculosis or
other non-communicable co-morbidities.

Logistical and cost considerations

A Kkey area for improvement versus current therapies is
thermostability. Rectal artesunate capsules have impaired
stability above 30 °C and particularly above 40 °C and
75% relative humidity, meaning that stock does not gen-
erally exceed six months, increasing the risk of stock-
outs [67]. New drugs should be developed with sufficient
shelf-life in field conditions to ensure stocks are available
when needed. Additionally, the drug products should
allow easy, non-refrigerated transport. The cost of goods
for any new treatments for severe malaria will need to be
consistent with a purchase price that is not greater than
currently available treatments. However, drug purchase
price represents a small cost relative to the overall imple-
mentation costs of the severe malaria continuum of care,
particularly when patients are hospitalized or when treat-
ment fails [68]. Thus, a more costly drug, which decreases
the duration of hospitalization or prevents recrudescence
without the need for follow-up oral therapy could be
more cost-effective than one which must be implemented
within the current continuum of care paradigm.
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Severe malaria pipeline

In earlier proposals for TPPs, it was envisaged that new
treatments for severe malaria would be developed from
drugs already approved for the treatment of uncompli-
cated malaria [1, 55]. Although there is some overlap in
the required characteristics of drugs for malaria, there
are specific features of severe malaria that warrant a
tailored approach (Fig. 3). Additionally, the risk:benefit
profile for a new drug in severe malaria, which is life
threatening, will be different to that for uncomplicated
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malaria, where the aim is to prevent disease progression
and deliver cures, and chemoprevention in an asympto-
matic or uninfected population.

Key considerations for drug development of new com-
binations for severe malaria are that they should have
immediate onset, be fast-acting and are available at a
dose which allows formulation for parenteral administra-
tion (preferably by intravenous and intramuscular routes)
and/or for rectal administration. They should not have a
negative effect on the host response to infection, either

Severe malaria treatment

Rapidly reduce parasitemia

Recrudescence protection

Uncomplicated malaria treatment

Clear parasitemia

Parasite kinetics

Pharmacodynamics

Parasite killing rate

Resilience to resistance selection

Pharmacokinetics

Prevention of reinfection

Chemoprevention

Prevention of infection

Elimination half life

Severe malaria: The patient is more likely to be severely ill and requires rapid-acting treatment. The high parasitemia requires
a highly potent drug. Statistically, there is a greater potential for resistance development, particularly if drug concentrations are
too low or potency is sub-optimal. The priority is to kill parasites rapidly; elimination half-life is not a priority if the infection is
sterilized and recrudescence is prevented i.e., parasite clearance rate must be high enough to allow elimination of all parasites
before the drug is fully metabolized. Must be parenteral administration and rectal administration.

Uncomplicated malaria: At this point there needs to be a balance between adequate parasite killing kinetics and a half-life
which covers the required number of replicative cycles. A degree of post-treatment prophylaxis to prevent reinfection is
desirable. Must be administered orally.

Chemoprevention: Asymptomatic with or without infection. Priority is to provide long-lasting protection so a long half-life is
needed. Can be administered orally or as a long-acting injectable.

Fig. 3 Drug development focus across the spectrum of malaria indications
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via innate immunity or the significant physiological con-
sequences of severe malaria. Ideally, both components
of a combination drug should have a low propensity for
resistance selection, different mechanisms of action and
a half-life that is matched to protect against resistance
selection. Rapid anti-malarial activity is assessed using
the parasite clearance half-life (PCT},), which is the time
required for the parasite density to be reduced by 50%
along the log-linear portion of the normalized parasite
clearance curve [69]. Anti-malarial activity can also be
expressed as a parasite reduction ratio (Log PRR), which
is a log;, drop of viable parasites within 48 h in vitro [70].
Thus, a smaller PCT,,, and a larger log PRR indicates
faster clearance of parasites from the blood. Additionally,
the PRR and PCT}, can be evaluated in animal models
and in volunteer infection studies in humans. However,
findings may differ from the in vitro results as it is not
possible to differentiate between viable and non-viable
circulating parasites. Another possible reason for dif-
ferences between situations in patients versus in vitro is
that, in patients, PCT,, is the result of parasite killing by
the drug and parasite clearance by the host while in vitro
PRR reflects only the parasite killing property of the drug.

The potential for resistance selection can be evaluated
systematically by characterizing druggable molecular
targets and associated resistance mechanisms [71, 72].
A key metric is the minimum inoculum for resistance
(MIR) [72], with higher values associated with a lower
risk of resistance selection [58]. The ideal in early drug
development is a compound with logMIR >9, meaning
that no stable resistant mutants are selected in laboratory
conditions for up to 60 days. However, the overall resist-
ance selection potential of the drug combination is key
rather than that of the individual components. Thus, a
drug with some propensity for resistance selection could
still have utility if combination with a suitable partner
drug resulted in an irresistible combination therapy.

For developing an artemisinin-based combination
therapy for severe malaria, the most advanced part-
ners are drugs which have been already approved for
the treatment of uncomplicated malaria. These include
amodiaquine, lumefantrine, mefloquine, piperaquine,
pyronaridine, chloroquine, and quinine (Table 2). An
assessment of partner drug suitability following the guid-
ance of the TPP is required.

When considering new compounds that could be
either combined with artesunate or developed into
novel drug combinations, there are several molecules in
the current development pipeline with characteristics
indicating potential for the treatment of severe malaria
(Table 2, Fig. 4) [73-90]. The most advanced candi-
date is cipargamin, a novel spiroindolone anti-malarial
targeting PfATP4 currently in phase 2 development
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by Novartis [56, 91-93]. MMV609 (MMV1793609) is
also a PfATP4 inhibitor and has similar parasite kill-
ing kinetics to cipargamin in preclinical models [94].
Another PfATP4 inhibitor, the spiroindolone SJ733, had
rapid parasite killing in a human volunteer infection
study [95]. MMV533 (MMV688533) is an acylguanidine
that was developed following a whole-cell screen, and
which has rapid parasite killing and a low potential for
resistance [96]. Additional possibilities include INE963
(NVP-INE963, MMV1582617) which has a novel but
unknown mode of action [97], and the acetylCoA syn-
thetase inhibitors MMV183 (MMV693183) [98, 99], and
GSK701 (MMV1582367) [100]. Additionally, GSK484
(MMV1793192) and IWY357, both of which have
unknown modes of action, have rapid parasite killing and
a low potential for resistance selection (Table 2). Three
additional molecules, ganaplacide (KAF156), ZY19489
and ferroquine, which are currently being investigated
for uncomplicated malaria could also be considered for
severe malaria (Fig. 4) [101-103].

The novel Plasmodium eukaryotic translation elonga-
tion factor 2 inhibitor M5717 (formerly DDD107498)
blocks parasite modification of host red blood cells
(RBCs) by preventing synthesis of new exported proteins
[104]. M5717 presents some interesting perspectives on
anti-malarial drug development for severe malaria. The
drug has a long half-life but demonstrates a distinct delay
in parasite clearance in both mouse and human studies
[88, 105, 106]. This delay has been recently explained by
an M5717-induced decrease in the rigidity of infected
red blood cells, reducing splenic clearance while inhibit-
ing sequestration into tissues [104]. The clinical implica-
tions of these findings for severe malaria require further
investigation but indicate that for drugs with novel mech-
anisms of action, it may be necessary to consider attrib-
utes beyond the classical measures of PCT,,, and PRR.
Interestingly, pyronaridine potentiated the pre-erythro-
cytic activity of M5717 in the Plasmodium berghei mouse
model, highlighting that combination therapies could
have additional benefits beyond their individual compo-
nents [107].

Considerations for drug development in severe
malaria

The translational pathway for compounds for severe
malaria relies heavily on a deep understanding of the
biology of the compound, parasite killing kinetics, and
pharmacokinetics. Preclinical models of cerebral malaria
are still over-reliant on a P. berghei (ANKA strain) infec-
tion in C57BL/6] adult mice, which is not an accu-
rate model for P falciparum infection. There is no
validated animal model that can predict clinical efficacy
in severe malaria, though the HuSICD mouse is useful
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Table 2 Comparison of key attributes of registered anti-malarial drugs and potential molecules

Compound Parasite clearance kinetics Resistance risk
IPCT12 (h) [refs.] In vitro log PRRash [ref] | (log MIR) [refs.]
|Artesunate Short (~3) [73] [Very high (>8.0) [74] Low (>9)°
Quinine ILong (7.3) [75] Medium (<3) [76] Low (>9)°
IPyronaridine  Medium (5.0-5.7) [77] High (4.8) [74] Low (>9)°
[Piperaquine Medium (3.1-5.2) [78] High (4.6) [74] Low (>9) [79]
ILumefantrine [Medium® High (4.8) [74] Low (>9)°
Mefloquine Medium (4.7)° High (3.7) [74] IND
Chloroquine  [Medium (3.8-4.1) [80]°  [High (4.5) [74] Low (>9) [81]
IAmodiaquine  [Medium (4.2)° High (3.5)° Low (>9)°
Ganaplacide ~ Medium (3.4) [82] High (3.2) [82] Medium (8) [83]
Cipargamin Medium (4.0) [84] High (3.6) [84] High (7) [85]
Ferroquine Medium (6.5) [86] Medium (2.2, >4)° [86]  [Low (>9)°
ZY 19489 ILong (6.8) [87] Medium (2.1) [87] Low (9)°
M5717 \Very long (24.7) [88] High (3.9) [88] High (6) [89]
SJ733 Medium (3.4)° Very high (>8) [90] Medium (8) [90]
MMV533 Medium (6.4)° High (3.8)° Low (9)°
GSK701 IND High (>4.0) Medium (>8)°
INE963 IND High (4.0)° Low (>9)°
GSK484 IND High (4.0)° Low (>9)°
IWY357 IND High (3.6)° Low (>9)°
MMV 609 IND High (3.6)° High (7.0)°
MMV 183 IND Very High (>8)° Low (9)°

PCT\, parasite clearance half-life, i.e., the time required for the parasite density to be reduced

by 50% along the log-linear portion of the normalized parasite clearance curve; in vitro log

PRRush, parasite reduction ratio, i.e., logio drop of viable parasites within 48 h

Severe malaria treatments
IApproved anti-malarial drugs
IDevelopment compounds

Compounds in volunteer infection
studies

IPreclinical compounds

MIR: minimum inoculum for resistance; ND: not determined
*Medicines for Malaria Venture, data on file
"Hypothesized

for predicting parasite reduction kinetics. Human volun-
teer studies are therefore important to demonstrate the
safety, tolerability, and the feasibility of drug administra-
tion by the intravenous and/or intramuscular route. Vol-
unteer infection studies involving controlled infections

can provide an early read out on potential efficacy.
Although severe malaria cannot be directly investigated
in these models, blood-stage parasite growth dynam-
ics can be effectively characterized [84, 108, 109]. Using
this information and human pharmacokinetic data, it
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Research

Eg} Preclinical

MMV371
Janssen

MMV183
(TroplQ)

GSK701
GSK

MMV609
University of
Kentucky

GSK484
GSK

IWY357
Novartis

MMV533
(Sanofi)

INES63
Novartis

Ganaplacide
(+lumefantrine)
Novartis

Cipargamin
Novartis

ZY19489 +
ferroquine
Zydus

M5717 +
pyronaridine
Merck KGaA/
Shin Poong

Candidates with
potential in
severe malaria

Fig. 4 Research and development pipeline, showing potential molecules for severe malaria
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should be possible to estimate the efficacy of novel agents
in severe malaria using pharmacokinetic/pharmaco-
dynamic modelling, benchmarked against agents with
known efficacy in severe malaria. Also, it may be possible
to identify biomarkers that are indicative of clinical effi-
cacy in severe malaria [12]. Following investigations in
adults there is potential to bridge pharmacokinetic and

pharmacodynamic data to children using physiologically-
based pharmacokinetic modelling [110]. However, even
using this approach, children may not respond in the
same way to drugs as adults [111].

Clinical outcome in severe malaria studies has typi-
cally been evaluated in terms of mortality [13, 14].
However, any new therapy would need to demonstrate
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non-inferiority to artesunate and because artesunate has
high efficacy, the required sample size may not be feasi-
ble [14]. Thus, alternative clinical endpoints are under
investigation with the aim of predicting efficacy in severe
malaria using a lower sample size. For example, improve-
ments in lactate concentrations assessed at 8 to 12 h
after admission have been suggested as a surrogate end-
point for the evaluation of anti-malarial drugs for severe
malaria [112]. The on-going phase 2 KARISMA study
(ClinicalTrials.gov identifier NCT04675931), evaluating
cipargamin in adult and paediatric patients with severe
P, falciparum malaria, uses the percentage of participants
achieving a >90% reduction in P, falciparum at 12 h post-
dose as the primary outcome measure to determine the
most appropriate dose to take into phase 3 studies. The
study will evaluate clinical success using a novel compos-
ite clinical endpoint based on survival, parasite clearance
and the absence of key complications of severe malaria. It
is expected that results of the KARISMA study and other
similar investigations will inform more efficient clinical
drug development strategies for severe malaria.

Conclusions

Severe malaria is a serious medical emergency and rapid
effective treatment is necessary to save lives and prevent
complications. The dependence on artemisinin mono-
therapy for the initial treatment of this disease is a con-
cerning vulnerability that should be addressed given
the risk of artemisinin partial resistance. Additionally, a
monotherapy treatment paradigm with inadequate sub-
sequent case management increases the risk of recrudes-
cence and the potential for the selection of artemisinin
partial resistance.

The proposed TPP for new therapies is a step towards
preparedness to address threats to the currently effica-
cious treatment of severe malaria. The following strat-
egy is proposed. In the short term, parenteral and/or
rectal formulations of identified partner drugs should
be developed to be co-administered with artesunate to
protect against the selection of artemisinin partial resist-
ance and the potential emergence of further resistance
mechanisms to artemisinin. The most advanced partners
are those which are already approved for the treatment
of uncomplicated malaria, though new drug candidates
could also be considered. In concert, novel non-arte-
misinin combination treatments should be developed
(preferably fixed-dose combinations), at least through
phase 2, allowing rapid advancement to the clinic should
the efficacy of existing therapies become compromised.
There are several potential candidate molecules in the
malaria portfolio which have attributes consistent with
the TPP requirements. New treatments should be avail-
able as parenteral and/or rectal formulations. There is
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also the possibility to simplify the continuum of care by
providing longer-acting combinations for severe malaria,
negating the need for follow-up oral medication.

Pursuing new drug development and combining ther-
apies proactively prepares for any attenuation of arte-
misinin clinical efficacy in severe malaria. These efforts
will also extend the longevity of existing treatments while
improving care and outcomes for individuals affected by
this life-threatening disease.

Acknowledgements

The authors acknowledge the contributions of Arjen Dondorp, Sabino Malwal,
Christine Manyando, Olugbenga Mokuolu, Ghyslain Mombo Ngoma and Aline
Uwimana, provided during a consultative meeting on severe malaria. The
authors recognize the valuable feedback provided by Mary Mader, Lynn Marks,
Phil Rosenthal, Esperanca Savine, Dennis Smith, Melissa Tassinari, Halidou
Tinto, Neena Valecha, Taiyin Wang and Steve Ward, all members of Medicines
for Malaria Venture's Expert Scientific Advisory Committee. Thanks to the MMV
colleagues for comments and review, particularly Jeremy Burrows, George
Jagoe, David Reddy, and Tim Wells.

Author contributions

DL, SD, WK, BB, NR, HRa and HRi participated in developing the first draft of
the paper. JA, AB, GK, PG, PT, AD, BO, TT and SK contributed to subsequent
drafts. All authors critically reviewed the final manuscript and consented to
publication.

Funding

Development of this paper was funded by Medicines for Malaria Venture. This
work was supported, in whole or in part, by the Bill & Melinda Gates Founda-
tion (Grant Number INV-007155/19-BMGF-006). Under the grant conditions
of the Foundation, a Creative Commons Attribution 4.0 Generic License has
already been assigned to the Author Accepted Manuscript version that might
arise from this submission.

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests

JA, AB, GK, PG, PT, AD, BO, TT declare no conflict of interest. DL, SD, WK, BB, HRa
and HRi are employed by Medicines for Malaria Venture. NR was funded by
Medicines for Malaria Venture. SK serves on Guidelines Review Committee of
WHO and has co-chaired the Guidelines Development Group for anti-malar-
ials for WHO. Views expressed are his personal ones and not those of WHO
committees. He is a Director of the Centre for Affordable Diagnostics and
Therapeutics, a social enterprise that is not for shareholder’s profit.

Author details

"Malaria Consortium, London, UK. 2Centre National de Recherche et de For-
mation sur le Paludisme, Ouagadougou, Burkina Faso. 3Medicines for Malaria
Venture, Route de Pré-Bois 20, Post Box 1826, CH-1215 Geneva 15, Switzerland.
4Médecins Sans Frontiéres, Magburaka District Hospital, Freetown, Sierra
Leone. *Novartis, Basel, Switzerland. ®Ministry of Health, Lusaka, Zambia.
’Centre for Clinical Research, Kenya Medical Research Institute, Kisumu, Kenya.
8Queen Elizabeth Central Hospital and Blantyre Malaria Project, Kamuzu
University of Health Sciences, Blantyre, Malawi. 9Institut Fur Tropenmedi-

zin, Eberhard Karls Universitdt Tubingen, and German Center for Infection
Research (Dzif), Tubingen, Germany. 19Centre de Recherches Médicales de
Lambaréné (CERMEL), Lambaréné, Gabon. ' Clinical Academic Group, Institute
for Infection and Immunity, St. George’s University of London, London, UK. 126¢
George's University Hospitals NHS Foundation Trust, London, UK. *Magenta
Communications Ltd, Abingdon, UK.



Achan et al. Malaria Journal

(2024) 23:174

Received: 9 February 2024 Accepted: 14 May 2024
Published online: 05 June 2024

References

1.

Burrows JN, Duparc S, Gutteridge WE, van Huijsduijnen RH, Kaszubska
W, Macintyre F, et al. New developments in anti-malarial target candi-
date and product profiles. Malar J. 2017;16:26.

WHO. Strategy to respond to antimalarial drug resistance in Africa.
Geneva: World Health Organization; 2022. https://www.who.int/publi
cations/i/item/9789240060265. Accessed 24 Mar 2023.

WHO. World malaria report. Geneva: World Health Organization; 2023.
https://www.who.int/teams/global-malaria-programme/reports/world-
malaria-report-2023. Accessed 7 Feb 2024.

Kotepui M, Kotepui KU, Milanez GD, Masangkay FR. Prevalence of
severe Plasmodium knowlesi infection and risk factors related to severe
complications compared with non-severe P knowlesi and severe P
falciparum malaria: a systematic review and meta-analysis. Infect Dis
Poverty. 2020;9:106.

Kojom Foko LP, Arya A, Sharma A, Singh V. Epidemiology and clini-

cal outcomes of severe Plasmodium vivax malaria in India. J Infect.
2021;82:231-46.

White NJ. Severe malaria. Malar J. 2022;21:284.

Wangdahl A, Wyss K, Saduddin D, Bottai M, Ydring E, Vikerfors T, et al.
Severity of Plasmodium falciparum and non-falciparum malaria in trave-
lers and migrants: a nationwide observational study over 2 decades in
Sweden. J Infect Dis. 2019;220:1335-45.

Rogerson S, Mwapasa V, Meshnick S. Malaria in pregnancy: linking
immunity and pathogenesis to prevention. In: Breman JGAM, White
NJ, editors. Defining and Defeating the Intolerable Burden of Malaria III:
Progress and Perspectives: Supplement to Volume 77(6) of American
Journal of Tropical Medicine and Hygiene. Northbrook: American
Society of Tropical Medicine and Hygiene; 2007.

Mahittikorn A, Kotepui KU, De Jesus Milanez G, Masangkay FR, Kotepui
M. A meta-analysis on the prevalence and characteristics of severe
malaria in patients with Plasmodium spp. and HIV co-infection. Sci Rep.
2021;11:16655.

Mousa A, Al-Taiar A, Anstey NM, Badaut C, Barber BE, Bassat Q, et al. The
impact of delayed treatment of uncomplicated P, falciparum malaria on
progression to severe malaria: a systematic review and a pooled multi-
centre individual-patient meta-analysis. PLoS Med. 2020;17: €1003359.
World Health Organization. WHO guidelines for malaria. Geneva: WHO;
2022. https://www.who.int/publications/i/item/guidelines-for-malaria.
Accessed 28 Feb 2023.

Nortey LN, Anning AS, Nakotey GK, Ussif AM, Opoku YK, Osei SA, et al.
Genetics of cerebral malaria: pathogenesis, biomarkers and emerging
therapeutic interventions. Cell Biosci. 2022;12:91.

Dondorp A, Nosten F, Stepniewska K, Day N, White N, South East Asian
Quinine Artesunate Malaria Trial Group. Artesunate versus quinine for
treatment of severe falciparum malaria: a randomised trial. Lancet.
2005;366:717-25.

Dondorp AM, Fanello Cl, Hendriksen IC, Gomes E, Seni A, Chhaganlal
KD, et al. Artesunate versus quinine in the treatment of severe falcipa-
rum malaria in African children (AQUAMAT): an open-label, randomised
trial. Lancet. 2010,376:1647-57.

Taylor T, Olola C, Valim C, Agbenyega T, Kremsner P, Krishna S, et al.
Standardized data collection for multi-center clinical studies of severe
malaria in African children: establishing the SMAC network. Trans R Soc
Trop Med Hyg. 2006;100:615-22.

Krishna S, Nagaraja NV, Planche T, Agbenyega T, Bedo-Addo G, Ansong
D, et al. Population pharmacokinetics of intramuscular quinine

in children with severe malaria. Antimicrob Agents Chemother.
2001;45:1803-9.

Bykowski A, Hashmi MF, Logan TD. Cinchonism. Treasure Island (FL):
StatPearls Publishing; 2022. https://www.ncbi.nlm.nih.gov/pubmed/
32644745. Accessed 7 Mar 2023.

Ogetii GN, Akech S, Jemutai J, Boga M, Kivaya E, Fegan G, et al. Hypo-
glycaemia in severe malaria, clinical associations and relationship to
quinine dosage. BMC Infect Dis. 2010;10:334.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

Page 13 of 16

Teuscher F, Gatton ML, Chen N, Peters J, Kyle DE, Cheng Q. Artemisinin-
induced dormancy in Plasmodium falciparum: duration, recovery rates,
and implications in treatment failure. J Infect Dis. 2010,202:1362-8.
Wellems TE, Sa JM, Su XZ, Connelly SV, Ellis AC.’Artemisinin resistance’”:
something new or old? Something of a misnomer? Trends Parasitol.
2020;36:735-44.

Li GQ, Arnold K, Guo XB, Jian HX, Fu LC. Randomised comparative study
of mefloquine, ginghaosu, and pyrimethamine-sulfadoxine in patients
with falciparum malaria. Lancet. 1984;2:1360-1.

Camponovo F, Bever CA, Galactionova K, Smith T, Penny MA. Incidence
and admission rates for severe malaria and their impact on mortality in
Africa. Malar J. 2017;16:1.

Barnes Kl, Mwenechanya J, Tembo M, Mcllleron H, Folb PI, Ribeiro |, et al.
Efficacy of rectal artesunate compared with parenteral quinine in initial
treatment of moderately severe malaria in African children and adults: a
randomised study. Lancet. 2004;363:1598-605.

Hetzel MW, Awor P, Tshefu A, Omoluabi E, Burri C, Signorell A, et al. Pre-
referral rectal artesunate: no cure for unhealthy systems. Lancet Infect
Dis. 2023;23:e213-7.

WHO. Technical consultation to review the effectiveness of rectal
artesunate used as pre-referral treatment of severe malaria in children
(meeting report, 18-19 October 2022). Geneva: World Health Organiza-
tion; 2023. https://www.who.int/publications/i/item/9789240074217.
Accessed 19 Aug 2023.

Signorell A, Awor P, Okitawutshu J, Tshefu A, Omoluabi E, Hetzel

MW, et al. Health worker compliance with severe malaria treatment
guidelines in the context of implementing pre-referral rectal artesunate
in the Democratic Republic of the Congo, Nigeria, and Uganda: an
operational study. PLoS Med. 2023;20: e1004189.

Okitawutshu J, Signorell A, Kalenga JC, Mukomena E, Delvento G, Burri
C, et al. Key factors predicting suspected severe malaria case manage-
ment and health outcomes: an operational study in the Democratic
Republic of the Congo. Malar J. 2022,21:274.

Hetzel MW, Okitawutshu J, Tshefu A, Omoluabi E, Awor P, Signorell A,

et al. Effectiveness of rectal artesunate as pre-referral treatment for
severe malaria in children under 5 years of age: a multi-country obser-
vational study. BMC Med. 2022;20:343.

Baraka V, Nhama A, Aide P, Bassat Q, David A, Gesase S, et al. Pre-
scription patterns and compliance with World Health Organization
recommendations for the management of uncomplicated and severe
malaria: a prospective, real-world study in sub-Saharan Africa. Malar J.
2023;22:215.

Brunner NC, Karim A, Athieno P, Kimera J, Tumukunde G, Angiro |, et al.
Starting at the community: treatment-seeking pathways of children
with suspected severe malaria in Uganda. PLoS Glob Public Health.
2023;3: e0001949.

Dhorda M, Amaratunga C, Dondorp AM. Artemisinin and multidrug-
resistant Plasmodium falciparum—a threat for malaria control and
elimination. Curr Opin Infect Dis. 2021;34:432-9.

Tyagi RK, Gleeson PJ, Arnold L, Tahar R, Prieur E, Decosterd L, et al.
High-level artemisinin-resistance with quinine co-resistance emerges
in P, falciparum malaria under in vivo artesunate pressure. BMC Med.
2018;16:181.

Maka DE, Chiabi A, Ndikum V, Achu D, Mah E, Nguefack S, et al. A rand-
omized trial of the efficacy of artesunate and three quinine regimens

in the treatment of severe malaria in children at the Ebolowa Regional
Hospital, Cameroon. Malar J. 2015;14:429.

Pelle KG, Oh K, Buchholz K, Narasimhan V, Joice R, Milner DA, et al. Tran-
scriptional profiling defines dynamics of parasite tissue sequestration
during malaria infection. Genome Med. 2015;7:19.

Jones S, Hodel EM, Sharma R, Kay K, Hastings IM. Optimal treatments for
severe malaria and the threat posed by artemisinin resistance. J Infect
Dis. 2019;219:1243-53.

Phyo AP, Win KK, Thu AM, Swe LL, Htike H, Beau C, et al. Poor response
to artesunate treatment in two patients with severe malaria on the
Thai-Myanmar border. Malar J. 2018;17:30.

Duong MC, Pham OKN, Nguyen PT, Nguyen VWC, Nguyen PH. Predictors
of treatment failures of Plasmodium falciparum malaria in Vietnam: a
4-year single-centre retrospective study. Malar J. 2021,20:205.

Botta A, Comelli A, Vellere |, Chechi F, Bianchi L, Giulia G, et al. Artesu-
nate monotherapy versus artesunate plus quinine combination therapy


https://www.who.int/publications/i/item/9789240060265
https://www.who.int/publications/i/item/9789240060265
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2023
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2023
https://www.who.int/publications/i/item/guidelines-for-malaria
https://www.ncbi.nlm.nih.gov/pubmed/32644745
https://www.ncbi.nlm.nih.gov/pubmed/32644745
https://www.who.int/publications/i/item/9789240074217

Achan et al. Malaria Journal

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

(2024) 23:174

for treatment of imported severe malaria: a TropNet retrospective
cohort study. Infection. 2022;50:949-58.

Kagoro FM, Barnes KI, Marsh K, Ekapirat N, Mercado CEG, Sinha |, et al.
Mapping genetic markers of artemisinin resistance in Plasmodium falci-
parum malaria in Asia: a systematic review and spatiotemporal analysis.
Lancet Microb. 2022;3:2184-92.

Ndwiga L, Kimenyi KM, Wamae K, Osoti V, Akinyi M, Omedo |, et al.

A review of the frequencies of Plasmodium falciparum Kelch 13 arte-
misinin resistance mutations in Africa. Int J Parasitol Drugs Drug Resist.
2021;16:155-61.

Lengeler C, Burri C, Awor P, Athieno P, Kimera J, Tumukunde G, et al.
Community access to rectal artesunate for malaria (CARAMAL): a large-
scale observational implementation study in the Democratic Republic
of the Congo, Nigeria and Uganda. PLoS Glob Public Health. 2022;2:
€0000464.

Brunner NC, Omoluabi E, Awor P, Okitawutshu J, Tshefu Kitoto A, Signo-
rell A, et al. Prereferral rectal artesunate and referral completion among
children with suspected severe malaria in the Democratic Republic of
the Congo, Nigeria and Uganda. BMJ Glob Health. 2022;7: €008346.
van der Pluijm RW, Imwong M, Chau NH, Hoa NT, Thuy-Nhien NT, Thanh
NV, et al. Determinants of dihydroartemisinin-piperaquine treatment
failure in Plasmodium falciparum malaria in Cambodia, Thailand, and
Vietnam: a prospective clinical, pharmacological, and genetic study.
Lancet Infect Dis. 2019;19:952-61.

White NJ. Pharmacokinetic and pharmacodynamic considerations

in antimalarial dose optimization. Antimicrob Agents Chemother.
2013;57:5792-807.

International conference on harmonisation of technical requirements
for registration of pharmaceuticals for human use. ICH harmonised tri-
partite guideline stability testing of new drug substances and products
Q1a(R2) Geneva, International Council for Harmonisation of Techni-

cal Requirements for Pharmaceuticals for Human Use; 2023. https://
database.ich.org/sites/default/files/Q1A%28R2%29%20Guideline.pdf.
Accessed 19 Aug 2023.

The Global Fund. Pooled procurement mechanism reference pricing:
antimalarial medicines Geneva, The Global Fund to Fight AIDS, Tubercu-
losis, and Malaria; 2023. https://www.theglobalfund.org/media/5812/
ppm_actreferencepricing_table_en.pdf. Accessed 18 Aug 2023.

Desai M, ter Kuile FO, Nosten F, McGready R, Asamoa K, Brabin B, et al.
Epidemiology and burden of malaria in pregnancy. Lancet Infect Dis.
2007;7:93-104.

El Gaaloul M, Tornesi B, Lebus F, Reddy D, Kaszubska W. Re-orienting
anti-malarial drug development to better serve pregnant women.
Malar J. 2022;21:121.

Balhara A, Kumar AR, Unadkat JD. Predicting human fetal drug exposure
through maternal-fetal PBPK modeling and in vitro or ex vivo studies. J
Clin Pharmacol. 2022;62(Suppl 1):594-114.

Dallmann A, van den Anker JN. Editorial: exploring maternal-fetal
pharmacology through PBPK modeling approaches. Front Pediatr.
2022;10:880402.

Eke AC, Gebreyohannes RD. Physiologically based pharmacokinetic
modeling (PBPK’s) prediction potential in clinical pharmacology deci-
sion making during pregnancy. Int J Gynaecol Obstet. 2020;150:414-6.
Lin W, Chen'Y, Unadkat JD, Zhang X, Wu D, Heimbach T. Applications,
challenges, and outlook for PBPK modeling and simulation: a regula-
tory, industrial and academic perspective. Pharm Res. 2022;39:1701-31.
Van Neste M, Bogaerts A, Nauwelaerts N, Macente J, Smits A, Annaert P,
et al. Challenges related to acquisition of physiological data for physi-
ologically based pharmacokinetic (PBPK) models in postpartum, lactat-
ing women and breastfed infants-a Contribution from the ConcePTION
Project. Pharmaceutics. 2023;15:2618.

Hua S. Physiological and pharmaceutical considerations for rectal drug
formulations. Front Pharmacol. 2019;10:1196.

Burrows JN, van Huijsduijnen RH, Mohrle JJ, Oeuvray C, Wells TNC.
Designing the next generation of medicines for malaria control and
eradication. Malar J. 2013;12:187.

Bouwman SA, Zoleko-Manego R, Renner KC, Schmitt EK, Mombo-
Ngoma G, Grobusch MP.The early preclinical and clinical development
of cipargamin (KAE609), a novel antimalarial compound. Travel Med
Infect Dis. 2020;36:101765.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.
70.

71.

72.

73.

74.

75.

76.

77.

78.

Page 14 of 16

Fanello C, Hoglund RM, Lee SJ, Kayembe D, Ndjowo P, Kabedi

C, et al. Pharmacokinetic study of rectal artesunate in children

with severe malaria in Africa. Antimicrob Agents Chemother.
2021,65:202223-€2320.

Lee AH, Fidock DA. Evidence of a mild mutator phenotype in Cam-
bodian Plasmodium falciparum malaria parasites. PLoS ONE. 2016;11:
e0154166.

von Seidlein L, Olaosebikan R, Hendriksen IC, Lee SJ, Adedoyin OT,
Agbenyega T, et al. Predicting the clinical outcome of severe falciparum
malaria in African children: findings from a large randomized trial. Clin
Infect Dis. 2012;54:1080-90.

Nair S, Miller B, Barends M, Jaidee A, Patel J, Mayxay M, et al. Adap-

tive copy number evolution in malaria parasites. PLoS Genet. 2008;4:
€1000243.

White LJ, Flegg JA, Phyo AP, Wiladpai-ngern JH, Bethell D, Plowe C, et al.
Defining the in vivo phenotype of artemisinin-resistant falciparum
malaria: a modelling approach. PLoS Med. 2015;12: €1001823.

Jaita S, Madsalae K, Charoensakulchai S, Hanboonkunapakarn B, Choti-
vanit K, McCarthy AE, et al. Post-artesunate delayed hemolysis: a review
of current evidence. Trop Med Infect Dis. 2023;8:49.

Salehi M, Masoumi-Asl H, Assarian M, Khoshnam-Rad N, Haghi AM, Nik-
bakht M, et al. Delayed hemolytic anemia after treatment with artesu-
nate: case report and literature review. Curr Drug Saf. 2019;14:60-6.
Bethell D, Se Y, Lon C, Socheat D, Saunders D, Teja-Isavadharm P, et al.
Dose-dependent risk of neutropenia after 7-day courses of artesunate
monotherapy in Cambodian patients with acute Plasmodium falcipa-
rum malaria. Clin Infect Dis. 2010;51:e105-14.

Bethell D, SeY, Lon C, Tyner S, Saunders D, Sriwichai S, et al. Artesunate
dose escalation for the treatment of uncomplicated malaria in a region
of reported artemisinin resistance: a randomized clinical trial. PLoS ONE.
2011;6:€19283.

Clements JM, Hawkes RG, Jones D, Adjei A, Chambers T, Simon L, et al.
Predicting the safety of medicines in pregnancy: a workshop report.
Reprod Toxicol. 2020;93:199-210.

Persaud S, Eid S, Swiderski N, Serris I, Cho H. Preparations of rectal sup-
positories containing artesunate. Pharmaceutics. 2020;12:222.

Lambiris MJ, Venga GN, Ssempala R, Balogun V, Galactionova K,
Musiitwa M, et al. Health system readiness and the implementation of
rectal artesunate for severe malaria in sub-Saharan Africa: an analysis of
real-world costs and constraints. Lancet Glob Health. 2023;11:2256-64.
White NJ. The parasite clearance curve. Malar J. 2011;10:278.

Walz A, Duffey M, Aljayyoussi G, Sax S, Leroy D, Besson D, et al. The
parasite reduction ratio (PRR) assay version 2: standardized assessment
of Plasmodium falciparum viability after antimalarial treatment in vitro.
Pharmaceuticals. 2023;16:163.

Cowell AN, Istvan ES, Lukens AK, Gomez-Lorenzo MG, Vanaerschot

M, Sakata-Kato T, et al. Mapping the malaria parasite druggable
genome by using in vitro evolution and chemogenomics. Science.
2018;359:191-9.

Duffey M, Blasco B, Burrows JN, Wells TNC, Fidock DA, Leroy D. Assessing
risks of Plasmodium falciparum resistance to select next-generation
antimalarials. Trends Parasitol. 2021;37:709-21.

Ataide R, Ashley EA, Powell R, Chan JA, Malloy MJ, O'Flaherty K, et al.
Host immunity to Plasmodium falciparum and the assessment of
emerging artemisinin resistance in a multinational cohort. Proc Natl
Acad Sci USA. 2017;114:3515-20.

Sanz LM, Crespo B, De-Cozar C, Ding XC, Llergo JL, Burrows JN, et al. P
falciparum in vitro killing rates allow to discriminate between different
antimalarial mode-of-action. PLoS ONE. 2012;7: €30949.

White NJ. Malaria parasite clearance. Malar J. 2017;16:88.
Pukrittayakamee S, Wanwimolruk S, Stepniewska K, Jantra A, Huyakorn
S, Looareesuwan S, et al. Quinine pharmacokinetic-pharmacodynamic
relationships in uncomplicated falciparum malaria. Antimicrob Agents
Chemother. 2003;47:3458-63.

Barber B, Webster R, Potter A, Llewellyn S, Sahai N, Leelasena |, et al.
Characterizing the blood stage antimalarial activity of pyronaridine in
healthy volunteers experimentally infected with Plasmodium falcipa-
rum. medRxiv. 2023;09.13.23295466.

Pasay CJ, Rockett R, Sekuloski S, Griffin P, Marquart L, Peatey C, et al.
Piperaquine monotherapy of drug-susceptible Plasmodium falciparum


https://database.ich.org/sites/default/files/Q1A%28R2%29%20Guideline.pdf
https://database.ich.org/sites/default/files/Q1A%28R2%29%20Guideline.pdf
https://www.theglobalfund.org/media/5812/ppm_actreferencepricing_table_en.pdf
https://www.theglobalfund.org/media/5812/ppm_actreferencepricing_table_en.pdf

Achan et al. Malaria Journal

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

(2024) 23:174

infection results in rapid clearance of parasitemia but is followed by the
appearance of gametocytemia. J Infect Dis. 2016;214:105-13.

Eastman RT, Dharia NV, Winzeler EA, Fidock DA. Piperaquine resist-
ance is associated with a copy number variation on chromosome 5 in
drug-pressured Plasmodium falciparum parasites. Antimicrob Agents
Chemother. 2011;55:3908-16.

Thuan PD, Ca NTN, Van Toi P, Nhien NTT, Thanh NV, Anh ND, et al. A
randomized comparison of chloroquine versus dihydroartemisinin-

piperaquine for the treatment of Plasmodium vivax infection in Vietnam.

Am J Trop Med Hyg. 2016;94:879-85.

Cooper RA, Ferdig MT, Su XZ, Ursos LM, Mu J, Nomura T, et al. Alterna-
tive mutations at position 76 of the vacuolar transmembrane protein
PfCRT are associated with chloroquine resistance and unique stere-
ospecific quinine and quinidine responses in Plasmodium falciparum.
Mol Pharmacol. 2002;61:35-42.

White NJ, Duong TT, Uthaisin C, Nosten F, Phyo AP, Hanboonkunupa-
karn B, et al. Antimalarial activity of KAF156 in falciparum and vivax
malaria. N Engl J Med. 2016;375:1152-60.

Kuhen KL, Chatterjee AK, Rottmann M, Gagaring K, Borboa R, Buenviaje
J, et al. KAF156 is an antimalarial clinical candidate with potential for
use in prophylaxis, treatment, and prevention of disease transmission.
Antimicrob Agents Chemother. 2014;58:5060-7.

McCarthy JS, Abd-Rahman AN, Collins KA, Marquart L, Griffin P, Kum-
mel A, et al. Defining the antimalarial activity of cipargamin in healthy
volunteers experimentally infected with blood-stage Plasmodium
falciparum. Antimicrob Agents Chemother. 2021,65:e01423-e1520.
Vaidya AB, Morrisey JM, Zhang Z, Das S, Daly TM, Otto TD, et al.
Pyrazoleamide compounds are potent antimalarials that target Na+
homeostasis in intraerythrocytic Plasmodium falciparum. Nat Commun.
2014;5:5521.

McCarthy JS, Ruckle T, Djeriou E, Cantalloube C, Ter-Minassian D, Baker
M, et al. A Phase Il pilot trial to evaluate safety and efficacy of ferroquine
against early Plasmodium falciparum in an induced blood-stage malaria
infection study. Malar J. 2016;15:469.

Barber BE, Fernandez M, Patel HB, Barcelo C, Woolley SD, Patel H,

et al. Safety, pharmacokinetics, and antimalarial activity of the novel
triaminopyrimidine ZY-19489: a first-in-human, randomised, placebo-
controlled, double-blind, single ascending dose study, pilot food-effect
study, and volunteer infection study. Lancet Infect Dis. 2022;22:879-90.
McCarthy JS, Yalkinoglu O, Odedra A, Webster R, Oeuvray C, Tappert A,
et al. Safety, pharmacokinetics, and antimalarial activity of the novel
Plasmodium eukaryotic translation elongation factor 2 inhibitor M5717:
a first-in-human, randomised, placebo-controlled, double-blind, single
ascending dose study and volunteer infection study. Lancet Infect Dis.
2021;21:1713-24.

Baragana B, Hallyburton |, Lee MC, Norcross NR, Grimaldi R, Otto TD,

et al. A novel multiple-stage antimalarial agent that inhibits protein
synthesis. Nature. 2015;522:315-20.

Jimenez-Diaz MB, Ebert D, Salinas Y, Pradhan A, Lehane AM, Myrand-
Lapierre ME, et al. (+)-5J733, a clinical candidate for malaria that acts
through ATP4 to induce rapid host-mediated clearance of Plasmodium.
Proc Natl Acad Sci USA. 2014;111:E5455-62.

Schmitt EK, Ndayisaba G, Yeka A, Asante KP, Grobusch MP, Karita E,

et al. Efficacy of cipargamin (KAE609) in a randomized, phase Il dose-
escalation study in adults in sub-Saharan Africa with uncomplicated
Plasmodium falciparum malaria. Clin Infect Dis. 2022;74:1831-9.

Ndayisaba G, Yeka A, Asante KP, Grobusch MP, Karita E, Mugerwa H, et al.

Hepatic safety and tolerability of cipargamin (KAE609), in adult patients
with Plasmodium falciparum malaria: a randomized, phase I, controlled,
dose-escalation trial in sub-Saharan Africa. Malar J. 2021;20:478.

White NJ, Pukrittayakamee S, Phyo AP, Rueangweerayut R, Nosten F, Jit-
tamala P, et al. Spiroindolone KAE609 for falciparum and vivax malaria.
N EnglJ Med. 2014;371:403-10.

Kanai M, Hagenah LM, Ashley EA, Chibale K, Fidock DA. Keystone
Malaria Symposium 2022: a vibrant discussion of progress made and
challenges ahead from drug discovery to treatment. Trends Parasitol.
2022;38:711-8.

Gaur AH, McCarthy JS, Panetta JC, Dallas RH, Woodford J, Tang L, et al.
Safety, tolerability, pharmacokinetics, and antimalarial efficacy of a
novel Plasmodium falciparum ATP4 inhibitor SJ733: a first-in-human

96.

97.

98.

99.

100.

102.

103.

105.

106.

107.

108.

109.

Page 150f 16

and induced blood-stage malaria phase 1a/b trial. Lancet Infect Dis.
2020;20:964-75.

Murithi JM, Pascal C, Bath J, Boulenc X, Gnadig NF, Pasaje CFA, et al. The
antimalarial MMV688533 provides potential for single-dose cures with
a high barrier to Plasmodium falciparum parasite resistance. Sci Transl
Med. 2021;13: eabg6013.

Taft BR, Yokokawa F, Kirrane T, Mata AC, Huang R, Blaquiere N, et al.
Discovery and preclinical pharmacology of INE963, a potent and fast-
acting blood-stage antimalarial with a high barrier to resistance and
potential for single-dose cures in uncomplicated malaria. J Med Chem.
2022;65:3798-813.

Schalkwijk J, Allman EL, Jansen PAM, de Vries LE, Verhoef JMJ, Jackowski
S, et al. Antimalarial pantothenamide metabolites target acetyl-coen-
zyme A biosynthesis in Plasmodium falciparum. Sci Transl Med. 2019;11:
€aas9917.

de Vries LE, Jansen PAM, Barcelo C, Munro J, Verhoef JMJ, Pasaje CFA,

et al. Preclinical characterization and target validation of the antima-
larial pantothenamide MMV693183. Nat Commun. 2022;13:2158.

Rami H, Castellote I, Gamo FJ, Haselden J, Calderon Romo F. Discovery
of pyrrolidinamides, a novel chemical class for malaria treatment: First
time disclosure of the orally bioavailable clinical candidate GSK701. In:
265th National Meeting of the American Chemical Society, Boston, MA,
USA, American Chemical Society; 2018. https://www.morressier.com/o/
event/5fc6413703137aa525805a17/article/5fc642112d78d1fec465
81d0. Accessed 6 Mar 2023.

Ogutu B, Yeka A, Kusemererwa S, Thompson R, Tinto H, Toure AQ, et al.
Ganaplacide (KAF156) plus lumefantrine solid dispersion formulation
combination for uncomplicated Plasmodium falciparum malaria: an
open-label, multicentre, parallel-group, randomised, controlled, phase
2 trial. Lancet Infect Dis. 2023;23:1051-61.

Radohery GFR, Gower J, Barber BE, Kansagra K, Mohrle JJ, Daven-

port MP, et al. Effect of novel antimalarial ZY-19489 on Plasmodium
falciparum viability in a volunteer infection study. Lancet Infect Dis.
2022;22:760-1.

Gansane A, Lingani M, Yeka A, Nahum A, Bouyou-Akotet M, Mombo-
Ngoma G, et al. Randomized, open-label, phase 2a study to evaluate
the contribution of artefenomel to the clinical and parasiticidal activity
of artefenomel plus ferroquine in African patients with uncomplicated
Plasmodium falciparum malaria. Malar J. 2023;22:2.

Parkyn Schneider M, Looker O, Rebelo M, Khoury DS, Dixon MWA,
Oeuvray C, et al. The delayed bloodstream clearance of Plasmodium
falciparum parasites after M5717 treatment is attributable to the
inability to modify their red blood cell hosts. Front Cell Infect Microbiol.
2023;13:1211613.

Rottmann M, Jonat B, Gumpp C, Dhingra SK, Giddins MJ, Yin X, et al. Pre-
clinical antimalarial combination study of M5717, a Plasmodium falcipa-
rum elongation factor 2 inhibitor, and pyronaridine, a hemozoin forma-
tion inhibitor. Antimicrob Agents Chemother. 2020;64:e02181-€2219.
Yin X, Li'Y, Bagchus W, Yalkinoglu O, Bezuidenhout D, Tappert A, et al.
Evaluation of a multiphasic parasite clearance profile after treatment
of experimental human infection with the investigational anti-malarial
M5717 using segmented mixed effect models. Malar J. 2023;22:199.
Fontinha D, Arez F, Gal IR, Nogueira G, Moita D, Baeurle THH, et al.
Pre-erythrocytic activity of m5717 in monotherapy and combination in
preclinical Plasmodium infection models. ACS Infect Dis. 2022,8:721-7.
McCarthy JS, Donini C, Chalon S, Woodford J, Marquart L, Collins

KA, et al. A phase 1, placebo-controlled, randomized, single ascend-
ing dose study and a volunteer infection study to characterize the
safety, pharmacokinetics, and antimalarial activity of the plasmodium
phosphatidylinositol 4-kinase inhibitor MMV390048. Clin Infect Dis.
2020;71:e657-64.

Salkeld J, Themistocleous Y, Barrett JR, Mitton CH, Rawlinson TA, Payne
RO, et al. Repeat controlled human malaria infection of healthy UK
adults with blood-stage Plasmodium falciparum: safety and parasite
growth dynamics. Front Immunol. 2022;13:984323.

Olafuyi O, Coleman M, Badhan RKS. Development of a paediatric
physiologically based pharmacokinetic model to assess the impact of
drug-drug interactions in tuberculosis co-infected malaria subjects:

a case study with artemether-lumefantrine and the CYP3A4-inducer
rifampicin. Eur J Pharm Sci. 2017;106:20-33.


https://www.morressier.com/o/event/5fc6413703137aa525805a17/article/5fc642112d78d1fec46581d0
https://www.morressier.com/o/event/5fc6413703137aa525805a17/article/5fc642112d78d1fec46581d0
https://www.morressier.com/o/event/5fc6413703137aa525805a17/article/5fc642112d78d1fec46581d0

Achan et al. Malaria Journal (2024) 23:174

111. Gonzalez D, Sinha J. Pediatric drug-drug interaction evaluation: drug,
patient population, and methodological considerations. J Clin Pharma-
col. 2021;61(Suppl 1):S175-87.

112. Jeeyapant A, Kingston HW, Plewes K, Maude RJ, Hanson J, Herdman MT,
et al. Defining surrogate endpoints for clinical trials in severe falciparum
malaria. PLoS ONE. 2017;12: e0169307.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 16 of 16



	Defining the next generation of severe malaria treatment: a target product profile
	Abstract 
	Background 
	Target product profile 
	Conclusion 

	Background
	Current treatment

	Rationale for the TPP
	Preparedness for impaired artemisinin clinical efficacy
	Simplifying the continuum of care
	Addressing uncertainty in the continuum of care

	Updating the TPP for new severe malaria therapeutics
	Strategy for new therapeutics
	Indication and population
	Formulation and presentation
	Simplification of the continuum of care
	Parasite stage of action and clearance kinetics
	Potential for drug resistance
	Safety and tolerability
	Logistical and cost considerations

	Severe malaria pipeline
	Considerations for drug development in severe malaria
	Conclusions
	Acknowledgements
	References


