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Abstract 

Cambodia has targeted malaria elimination by 2025. As the malaria burden has decreased in Cambodia, transmis‑
sion has become more focal, and Plasmodium vivax has become the predominant species. The recurrent nature 
of P. vivax, due to its dormant liver stages causing relapses, is the main obstacle to malaria elimination in Cambodia. 
In 2021, Cambodia’s National Center for Parasitology, Entomology and Malaria Control (CNM) rolled out low-dose 
14-day primaquine (total dose 3.5 mg/kg) supported by point-of-care quantitative testing for glucose-6-phosphate 
dehydrogenase deficiency. However, this treatment is limited by poor adherence to its prolonged duration and sub‑
optimal efficacy of the low total dose. The EFFORT clinical trial was conducted in four malaria-endemic countries, 
including Cambodia, to assess the safety and effectiveness of a 7-day unsupervised high-dose course of primaquine 
(7 mg/kg total dose) and single dose tafenoquine (300 mg) compared to 14-day unsupervised low-dose primaquine 
for the treatment of patients presenting with P. vivax malaria. In addition, data were collected on the feasibility 
and cost-effectiveness of these treatment options. CNM organized the national dissemination of the EFFORT study 
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results on March 27, 2025, to inform key stakeholders and discuss the implications of the study findings for policy 
and practice in Cambodia.
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Background
Cambodia has made significant progress in reducing its 
malaria burden in the last 30 years [1, 2]. Between 2004 
and 2014, reported malaria cases dropped by more than 
half from 113,855 to 56,271 cases [2]. In 2015, as part of 
the Greater Mekong Subregion’s (GMS) efforts to combat 
Plasmodium falciparum resistance, Cambodia commit-
ted to malaria elimination by 2030 [3]. In 2016, Cambo-
dia set a national malaria elimination target of 2025 and 
established a National Malaria Elimination Framework 
[2], which was updated in 2021 [4]. As a result of the 
strategies outlined in these elimination frameworks, sig-
nificant reductions in burden have continued. Between 
2020 and 2022, confirmed malaria cases decreased from 
9490 to 4053 [5, 6]. As case numbers have decreased, 
malaria transmission in Cambodia has become focalized 
[7], and Plasmodium vivax has become the predomi-
nant species [2, 4, 8]. In 2023, there were 1384 reported 
cases, of which 95% were P. vivax [8]. Hence, P. vivax has 
become the main hurdle for malaria elimination.

Plasmodium vivax forms dormant liver stage parasites, 
hypnozoites, which can be reactivated weeks to months 
after initial infection (relapse), causing acute disease [9, 
10]. To clear the hypnozoite stage of the parasite, 8-ami-
noquinolines are used. The only available 8-aminoqui-
nolines are primaquine and, more recently, tafenoquine. 
Both drugs can cause haemolysis in individuals with a 
deficiency in the enzyme glucose-6-phosphate dehydro-
genase (G6PD) [11]. The prevalence of severe G6PD defi-
ciency reaches 20% in some areas of Cambodia [12–15]. 
To reduce the risk of drug-induced hemolysis, a low 
daily dose (0.25  mg/kg/day) of primaquine treatment 
administered over 14  days (total dose 3.5  mg/kg) was 
recommended [16, 17]. This recommendation was not 
implemented until 2021, when the Cambodian National 
Center for Parasitology, Entomology and Malaria Control 
(CNM) rolled out the STANDARD G6PD® test (SD Bio-
sensor, Republic of Korea) to identify patients with G6PD 
deficiency, allowing for a safer administration of pri-
maquine [18, 19]. However, the 14-day primaquine regi-
men has limited effectiveness because of poor adherence 
to the prolonged treatment regimen [20–22]. To address 
this challenge, the World Health Organization (WHO) 
recommended providing the same total dose (3.5 mg/kg) 
over 7  days (0.5/mg/day). CNM updated their national 
treatment guidelines accordingly and implemented this 
regimen in 2023 [23]. Recent evidence, however, suggests 

that the low total dose of primaquine has sub-optimal 
anti-relapse efficacy in almost all geographic areas, and 
a higher total dose halves the risk of recurrence [24]. 
Therefore, in 2024, the WHO recommended a high-dose 
treatment (7  mg/kg total dose) administered over 14 or 
7  days [25], but this guidance has not yet been imple-
mented in most malaria-endemic regions.

Tafenoquine, now licensed in 10 malaria endemic 
countries [26, 27], is a single dose treatment overcoming 
the adherence issues inherent to primaquine treatment. 
Tafenoquine was tested in comparison with low-dose pri-
maquine [28] and is restricted to use with chloroquine, 
as schizonticidal treatment [29, 30]. This restriction 
was implemented following results of a clinical trial, in 
which tafenoquine was prescribed in combination with 
dihydroartemisinin-piperaquine (DHA-piperaquine) 
in Papua, Indonesia, which resulted in very low effi-
cacy, interpreted as being due to a drug-drug interaction 
between tafenoquine and artemisinin combination thera-
pies (ACT) [31].

The comparative effectiveness of tafenoquine and high-
dose primaquine when unsupervised was unknown. The 
EFFORT study (NCT04411836) assessed the effective-
ness and safety of unsupervised 7-day high-dose pri-
maquine (1 mg/kg/day, 7 mg/kg total dose) and a single 
dose of tafenoquine (300  mg) compared to the 14-day 
low-dose primaquine treatment (0.25 mg/kg/day, 3.5 mg/
kg total dose). The study was conducted as a multi-centre 
randomized controlled trial with study sites in Cambo-
dia, Ethiopia, Indonesia, and Pakistan. In Ethiopia and 
Pakistan, primaquine and tafenoquine were administered 
with chloroquine as the schizontocidal drug, in Cambo-
dia with artesunate-pyronaridine and in Indonesia with 
DHA-piperaquine.

Detailed findings of the trial are presented elsewhere 
[32]. In brief, the trial showed that the 7-day high-dose 
primaquine and tafenoquine regimens were well toler-
ated, and both treatments led to a substantial reduction 
of recurrences compared to patients treated with 14-day 
low-dose primaquine. In Cambodia, where tafenoquine 
was administered with artesunate-pyronaridine, the risk 
of recurrence was 15.6% at 6 months, lower than both the 
low- and high-dose primaquine arms (27.3% and 18.4%, 
respectively) and substantially lower than the anticipated 
background risk of recurrence of around 80% [33]. These 
findings challenge the assumption that tafenoquine and 
ACT cannot prevent relapse [31, 34, 35].
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Implementing tafenoquine or high-dose primaquine 
requires G6PD testing [36, 37]. In Cambodia, G6PD 
testing is conducted at health centres; however, qualita-
tive data collected alongside the trial suggested that the 
implementation of G6PD testing at the community level 
is feasible, and this could reduce the number of patients 
requiring referral to the health centre for G6PD test-
ing and treatment [18, 38–40]. Feasibility and accept-
ability data also indicated that implementing either 7-day 
high-dose primaquine or single-dose tafenoquine would 
require enhanced monitoring to ensure safe delivery, 
which needs to be tailored to the country context [41].

Health economic analyses are ongoing, but the prelimi-
nary cost-effectiveness analysis found that 7-day high-
dose primaquine and tafenoquine were likely to reduce 
costs as compared to 14-day low-dose primaquine in 
most study settings due to the reduction in malaria cases 
[42]. This is particularly true in settings like Cambodia, 
where G6PD screening and routine follow-up visits are 
already part of routine clinical practice. Another key 
finding from the preliminary analyses was that the Euro-
QoL 5 dimensions – 5L (EQ-5D-5L) survey, a standard-
ized instrument used to measure health-related quality of 
life, was sensitive enough to capture differences in quality 
of life from enrollment to 3 weeks post treatment [42].

Meeting description
Organized by CNM in collaboration with Menzies 
School of Health Research and Mahidol-Oxford Tropical 
Medicine Research Unit (MORU), the dissemination of 
EFFORT study results in Cambodia took place on March 
27, 2025. The objective of the meeting was to disseminate 
the results of the EFFORT study among key stakeholders 

and discuss implications for the case management of P. 
vivax malaria in Cambodia. Participants included CNM 
officials, sub-national malaria officers, and implementa-
tion and research partners. Subnational program staff 
in attendance included 21 provincial malaria supervi-
sors and 15 operational district malaria supervisors. 
Fifteen partner representatives attended the meeting, 
among them were the WHO, United Nations Office 
for Project Services (UNOPS), Clinton Health Access 
Initiative (CHAI), President Malaria Initiative (PMI), 
Catholic Relief Services (CRS), and MMV Medicine for 
Malaria Venture (MMV). In total, 51 people attended the 
meeting.

The agenda included a presentation of the effectiveness 
and safety data from the trial, including country-specific 
trial data, as well as results from the feasibility assess-
ments and health economic components of the study. 
Each thematic presentation was followed by question-
and-answer sessions. The question-and-answer session 
on health economics was designed to inform further 
analysis and included interactive questions using Men-
timeter (Table 1).

After lunch, attendees were split into three groups 
for roundtable discussions. The application of study 
results to the current malaria situation in Cambodia was 
addressed with two questions: (i) What do the EFFORT 
results mean for P. vivax case management in Cambodia? 
(ii) What do they mean for the prevention of reintroduc-
tion strategies?

Throughout the meeting, presentations and discussions 
were documented in real time by the authors (SCS, BA 
and AD) and later collated by SCS to distil key themes. 
The following identified themes are presented: (i) demand 

Table 1  Questions asked to inform future health economic analyses

DALY disability-adjusted life-year, P.f. Plasmodium falciparum, P.v. Plasmodium vivax, PQ primaquine, QALY quality-adjusted life-year, TQ tafenoquine

Question Answer options

Which comparators are important for the health economic analysis? • TQ vs low-dose PQ
• High-dose PQ vs low-dose PQ
• TQ vs high-dose PQ
• TQ vs high-dose PQ vs low-dose PQ

What outcomes are important to inform policy making? • Costs only
• Cost per cases averted
• Cost per QALY gained
• Cost per DALY averted
• Does not matter for decision making

What type of model framework would be most helpful to better inform policy decisions? • Transmission model
• Decision tree (no transmission)
• Does not matter

Are treatment options for falciparum malaria still relevant for decision making? • Yes – assess independently of P.v
• Yes – would consider same treat‑
ment for P.v. and P.f
• No

Is there anything else that would be helpful to see for decision making? [free text responses]



Page 4 of 9Dysoley et al. Malaria Journal            (2026) 25:2 

for both 7-day high-dose primaquine and tafenoquine 
with a preference for tafenoquine, (ii) the need for flex-
ible and all-encompassing national treatment guidelines, 
(iii) the applicability of study results to outbreak and re-
introduction responses, and (iv) the use of health eco-
nomic data as part of decision making.

Preference for tafenoquine
All participants agreed that treatment guidelines should 
be updated in line with the EFFORT study findings, given 
their local applicability. The added value of 7-day high-
dose primaquine and single-dose tafenoquine was rec-
ognized while participants emphasized that tafenoquine 
was especially useful from a programmatic perspective to 
improve adherence. These preferences were in line with 
findings from a recent study in Cambodia, assessing the 
acceptability of these treatment options among policy-
makers, sub-national program staff, health facility work-
ers, village malaria workers, mobile malaria workers, and 
patients [43].

While there is demand for 7-day high-dose primaquine 
and single-dose tafenoquine, several factors, including 
the need for G6PD testing, treatment monitoring, set-
ting up a pharmacovigilance structure, and the potential 
off-label use of tafenoquine with an artemisinin-based 
combination, were emphasized as considerations for pol-
icy change [36, 41]. The implementation of quantitative 
G6PD testing in Cambodia in 2021 is likely to facilitate 
the rollout of 7-day high-dose primaquine or single-
dose tafenoquine in Cambodia, while current treatment 
monitoring guidelines could be adapted to ensure patient 
safety [41, 44]. Strengthening the pharmacovigilance 
structure was identified at the meeting as a key consid-
eration requiring further work.

An important consideration in Cambodia is the cur-
rent restriction for the exclusive use of tafenoquine with 
chloroquine [29] and the current WHO recommenda-
tion limiting its use to South America [37]. The first 
restriction is based on the results of a trial conducted in 
Indonesia (the INSPECTOR study), which showed low 
efficacy of tafenoquine (300  mg) when combined with 
DHA-piperaquine [31]. As a result, tafenoquine use 
for radical cure is precluded from 14 of the 41 P. vivax-
endemic countries, including Cambodia, where arte-
misinin-based combinations are the first-line treatment 
[45]. Drug-drug interactions have been proposed as an 
explanation for the poor efficacy in INSPECTOR, but 
there are other plausible explanations, including under-
dosing of tafenoquine and the high hypnozoite burden in 
the study setting in Papua, Indonesia, and strain-specific 
characteristics [31, 34]. The EFFORT results, particularly 
the Cambodia data, challenge these restrictions [32].

In Cambodia, the first-line schizontocidal treatment is 
artemisinin-mefloquine (ASMQ), with plans to transition 
to artesunate-pyronaridine by the end of 2025. There-
fore, the use of tafenoquine in Cambodia would either 
require switching to chloroquine as a first-line treatment 
for P. vivax malaria or using tafenoquine off-label, the 
latter raising potential accountability and responsibility 
issues for CNM. Based on the discussions at the meet-
ing, there was a lot of interest in the use of tafenoquine, 
but its off-label use would come with major challenges, 
including procurement, requiring innovative and poten-
tially regional procurement systems and discussions with 
regulatory bodies.

Need for flexible and broad treatment recommendations
The first step in implementing either tafenoquine or 7-day 
high-dose primaquine is to amend Cambodia’s national 
treatment guidelines. Meeting discussions highlighted 
the need for flexibility in guidelines. Flexible guidelines 
were characterized by the inclusion of all potential treat-
ment options so that they could be operationalized once 
feasibility constraints, including procurement and train-
ing, are addressed. This approach is especially relevant as 
it is unlikely that updates to the national treatment guide-
lines after 2025 will be frequent, given that the country is 
so close to malaria elimination [4].

Changing national malaria treatment policies is a chal-
lenging process [46–48]. National policymakers have to 
consider input from several global and national stake-
holders, including the WHO, national regulatory bod-
ies, researchers, and both national and international 
funders, in addition to requiring significant financial 
and human resources. Increased country ownership, risk 
acceptance, process and system innovations, as well as 
better planning and readiness for delivery, have been sug-
gested to improve the policymaking process [46]. Many 
of these suggestions have already been implemented in 
Cambodia, with policy changes to malaria guidelines 
being relatively frequent and driven by global and local 
evidence generation [43]. However, when such process 
improvements are limited, flexible guidelines could be an 
alternative mechanism to support the accelerated imple-
mentation of new treatment options.

Guidelines including multiple treatment options could 
also provide opportunities to tailor treatment selection at 
the provincial or district level depending on their unique 
circumstances, e.g., case burden and capacity for pharma-
covigilance. With more choice, however, comes the need 
for clear operational guidelines and training of healthcare 
providers to ensure they understand the rationale and 
use of treatment regimens and considerations with their 
administration to patients. Already inherent in the use of 
7-day high-dose primaquine or single-dose tafenoquine 
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is the need to administer an alternative treatment for 
those with G6PD levels under 70% activity and, therefore, 
complex treatment algorithms. In Brazil, where tafeno-
quine has been piloted, a tiered treatment algorithm was 
implemented and operationally feasible [49]. Tafeno-
quine was provided to patients with G6PD activity ≥ 70%, 
low-dose 7-day primaquine (0.5 mg/kg/day) to those with 
activities between 30 and 70%, and 8-week (0.75  mg/
week) primaquine to G6PD deficient patients [49, 50]. 
The operational feasibility of such a treatment algorithm 
in Cambodia, where the administration of 8-week pri-
maquine for G6PD deficient individuals has only recently 
commenced, is yet to be determined.

Applicability to outbreak responses and reintroduction
A key point of discussion was the applicability of study 
results in the current context of malaria burden and 
transmission in Cambodia. At the time of the meet-
ing, only eight malaria cases had been reported in 2025. 
Though case numbers were expected to increase during 
the rainy season between June and September, such a 
low burden prompted concerns about the cost-effective-
ness of changing to a new treatment, given the resources 
required to implement those changes. Participants, how-
ever, attributed added value to these shorter treatment 
options, especially tafenoquine, in the context of the 
remaining high-risk populations, outbreak responses, 
and the prevention of reintroduction in the future.

The remaining patients diagnosed with malaria are 
mostly from mobile migrant populations who cross 
international borders. Treatment uptake and adherence 
among these populations can be difficult [18, 44]. The 
availability of a single-dose option would most likely 
increase uptake and remove the adherence barrier. In 
the event of malaria outbreaks, tafenoquine was consid-
ered useful as part of ongoing targeted drug administra-
tion campaigns by the national malaria program [51]. 
Providing tafenoquine to G6PD normal individuals in 
this context would contribute to reducing the hypno-
zoite reservoir and, therefore, reducing future onward 
transmission. Using tafenoquine in this capacity is also 
being explored in other GMS countries where P. vivax is 
the prevalent malaria species [52, 53]. In the context of 
obtaining malaria elimination certification and subse-
quently preventing reintroduction in Cambodia, tafeno-
quine was considered the preferred option, and this is 
likely relevant for countries across the GMS; however, 
this requires sustaining G6PD testing capacity.

Costs and cost‑effectiveness analysis
Meeting attendees were briefed on three health eco-
nomics aims within the EFFORT trial: (i) estimating 
total costs from the healthcare provider, household, and 

societal perspectives, (ii) evaluating whether the EQ-5D 
survey was sensitive enough to capture changes in qual-
ity of life in P. vivax malaria patients, and (iii) evaluating 
the cost-effectiveness of 7-day high-dose primaquine and 
single-dose tafenoquine compared to 14-day low-dose 
primaquine. Preliminary results for the first two aims 
were presented, while for the last aim, an interactive 
exercise with participants was conducted to inform out-
puts of interest that can best inform policymaking.

Meeting participants were interested in more detailed 
cost data for 7-day high-dose primaquine and tafeno-
quine—specifically the cost of implementation, which 
was not included in our initial estimates. For instance, 
key stakeholders requested that supply chain or distribu-
tion costs at a national and subnational level be included 
in the analysis, in addition to costs of training, referral, 
and follow-up, and the costs for providing treatments at 
the health centre as compared to provision in the com-
munity. These suggestions were in addition to the vari-
ables currently included in the cost analysis, such as the 
reduced opportunity costs for patients, who would nor-
mally have to stay home for the duration of treatment, 
and the reduced health centre workload.

While Cambodia has already implemented G6PD test-
ing at the health centre level, analysers were purchased 
before the STANDARD G6PD test was WHO prequali-
fied. There were concerns that supplies such as test strips 
produced for the new WHO prequalified version of the 
STANDARD G6PD test would not be compatible with 
the analysers currently used. If not compatible, then 
new analysers would need to be purchased, requiring 
additional funding commitments [54]. In a post-meet-
ing communication with the manufacturer, the control 
reagents and test strips were confirmed to be compat-
ible between the WHO prequalified versions and non-
prequalified versions (personal communication, Roxana 
Jung, SD Biosensor).

The EFFORT study collected EQ-5D surveys along-
side the trial, which will enable the calculation of qual-
ity-adjusted life-year (QALYs) lost per malaria episode. 
To date, the malaria economic evaluation literature has 
used disability-adjusted life-years (DALYs) or malaria 
cases averted for the outcome measure [55, 56]. DALYs 
are generic measures that rely on disability weights esti-
mated by the Global Burden of Disease Study [57] and 
are commonly used in low- and middle-income settings 
where tariffs to convert EQ-5D into index scores that 
reflect how the population values health states are not 
available. While Cambodia does not have a tariff, Thai-
land’s tariff could be used [58]. The outcome measure 
of cases averted is useful for decision-making within 
the malaria control programme; however, QALYs and 
DALYs enable comparison with other disease areas 
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(e.g., cancer treatment). Participants were especially 
interested in cost per DALY averted and cost per case 
averted (Fig.  1). Accordingly, the planned cost-effec-
tiveness analysis will present the cost per DALY averted 
as the primary outcome with a sensitivity analysis to 
examine the results for cost per case averted.

A model-based cost-effectiveness analysis includ-
ing current policy could incorporate data from out-
side the EFFORT trial and would potentially allow for 
more policy-relevant information. To guide the analysis 
plan, attendees were presented with a range of ques-
tions detailed in Table  1. Participants overwhelmingly 
expressed support for tafenoquine throughout the 
discussion, but there were mixed answers to what the 
most important comparators should be for the cost-
effectiveness analysis, suggesting that a comparison of 
all treatment options is still warranted. These findings 
are in line with the desire for flexible and all-encom-
passing treatment guidelines.

For their preference for an analytical approach, meet-
ing attendees selected a transmission model framework 
as the more helpful methodology, highlighting the per-
ceived value of incorporating transmission dynamics 
as opposed to a decision tree model, which would only 
evaluate the impact on individual patients. In view of 
the small number of cases, it was decided that suffi-
cient data were not available to appropriately calibrate 
a transmission model for this analysis. Accordingly, 
a decision tree will be used for the cost-effectiveness 
analysis instead.

Conclusion
Stakeholders agreed that EFFORT study results should 
be incorporated into Cambodia’s National Treatment 
Guidelines, as the Ministry of Health has declared that 
“we must use all means to eliminate malaria”. Stake-
holders preferred a single-dose tafenoquine over 7-day 
high-dose primaquine; however, there are feasibility chal-
lenges that need to be considered, including its off-label 
use in combination with ACT and related procurement 
challenges. Stakeholders agreed that treatment guide-
lines should be as inclusive and flexible as possible, giv-
ing policymakers the options to implement the best 
available treatments once feasibility considerations have 
been addressed. In addition to feasibility considerations, 
part of the decision-making process will be informed by 
cost-effectiveness analysis. The demand for shorter treat-
ment options exists despite the changing malaria burden 
in Cambodia, as they present added value for reaching 
hard-to-reach high-risk populations, outbreak responses, 
and preventing reintroduction.
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