
TCP-3: targeting Plasmodium in the non-dividing 
parasite stages 
The following is an excerpt from “Designing the next generation of 
medicines for malaria control and eradication”. For references, please refer 
to the full paper. 

As well as possessing erythrocytic-stage killing activity, an ideal combination would need to 
contain compounds which can prevent the relapse of dormant liver stages (hypnozoites) and 
the sexual stages of the parasite in the human host or in the mosquito vector. It is possible 
that a single molecule could be identified with all of these activities. The gold standard for 
this medicine is primaquine, which is the standard of care for preventing P. vivax relapse due 
to its effects on hypnozoites, as well as its rapid gametocytocidal action [38]. However, 
primaquine has two characteristics which need to be improved on. First, it needs to be given 
for 14 days to reliably kill P. vivax hypnozoites for radical cure, and although it has been 
suggested this could be reduced to seven days by increasing the dose [39], there are 
significant challenges to ensuring compliance with a long course of treatment with a 
medicine which does not provide any symptomatic relief. Second, it causes significant 
haemolysis in patients with G6PD deficiency, and shows some gastrointestinal adverse 
events. An additional concern, resistance to primaquine, has not been clearly observed, 
although this always remains a background possibility (recently reviewed in [40]). There is 
some debate about whether the haemolysis is caused by the same reactive intermediate 
responsible for the effect against the hypnozoite [41,42]. Ideally, a candidate is sought which 
has parent-derived pharmacodynamics for a single-dose cure and is active against all the non-
dividing exo-erythrocytic forms, but without causing the haemolysis; this is described by 
TCP-3 (Table 3). 
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Table 3 TCP-3 
TCP-3: general considerations Minimum essential Ideal 
Dosing regimen Oral, once a day for up to 3 days - for 

use with existing artemisinin-
combination therapies (ACTs) 

Oral, single dose 

Efficacy: TCP3aa Prevents 90% of relapses over a six 
month period. Human adult dose 

<1,000 mg 

Prevents 90% of relapses 
over a year.. Human adult 

dose < 100 mg 
Efficacy TCP3b Prevents transmission to mosquito 

>90% on day 7 post oral dose. Human 
adult dose <1,000 mg 

Prevents transmission to 
mosquito >90% between 12 h 

and 7 days post oral dose. 
Human adult dose <100 mg 

Safety Acceptable therapeutic ratio based on 
human volunteer studies between 

exposure at human effective dose and 
NOAEL, dependent on nature of 

toxicity) 

Therapeutic ratio >50 fold 
based on human volunteer 

studies between exposure at 
human effective dose and 

NOAEL; benign safety signal 
G6PD (Glucose-6-phosphate 
dehydrogenase) deficiency  
status 

Therapeutic dose identified with 
change in hemoglobin concentration at 

day 7 of < 2.5 g/l patients with 
moderate G6PD activity (60%) 

Therapeutic dose shows no 
significant change in 

hemoglobin concentration 

Drug-drug interactions No unmanageable risks No interactions with other 
anti-malarial, anti-retroviral 

or TB medicines 
Formulation Acceptable clinical formulation 

identified 
 

Cost of single treatmentb Similar to current medication: $0.50 
for adults, $0.12 for infants for relapse 
and $0.05 for adults, $0.01 for infants 

for transmission blocking 

Better than current 
medication: < $0.50 for 

adults, $0.12 for infants under 
two years for relapse and < 
$0.05 for adults, $0.01 for 

infants for transmission 
blocking 

Projected stability of final 
product under Zone IVb 
conditions (37°C 75% humidity) 

≥ 24 months ≥ 5 years 

Notes: 
a Better precision on the clinical efficacy of the gold standard, primaquine in relapse 
prevention should be available from the phase II comparison with tafenoquine, which will be 
available in the summer of 2013. 
b Estimates of the price elasticity of an anti-relapse therapy are extremely challenging. The 
price range varies from the cost of treating relapses should they occur and the current 
treatment costs with primaquine (currently USD $0.04 per 15 mg tablet, so $1.12 for 14 days 
treatment). 

It is of course probable that no new single molecule will be found that can kill both the 
hypnozoites and prevent transmission, and that these two roles will have to be performed by 
different molecules in a combination medicine. The anti-hypnozoite attributes needed can be 



described by a subset of criteria, TCP-3a. Pragmatically, an in vitro activity of EC50 <100 nM 
against hypnozoites in a validated assay would be desirable, although ultimately this number 
could be much higher if the compound has extremely high plasma exposure and is well 
tolerated in humans. Currently the only system available for testing new medicines uses 
Plasmodium cynomolgi infected primary rhesus hepatocytes, although assays for P. vivax 
infection of human cells are under development ([43]; Sangeeta Bhatia, personal 
communication). The other challenge is the safety margin, in terms of plasma exposure at the 
EC90 and at the no-adverse effect level in pre-clinical species. Treatments should, therefore, 
be able to prevent relapses in a preclinical animal model or in man without toxicity. P. 
cynomolgi-infected rhesus monkeys have been the model of choice, with a gold standard 8-
aminoquinoline as the reference drug [44-46], while new murine models have also been 
proposed [34,47]. Clinical studies in migrant populations (reviewed in [48]) allow for a 
relatively simple proof of concept in humans. This ‘out of transmission’ model provides a 
definitive measure of relapse prevention and it is critical to back-translate and confirm the 
predictivity and relevance of earlier preclinical models. The attributes needed for clinical 
transmission-blocking activity are much more difficult to define, but are discussed as a subset 
of criteria in TCP-3b. 

Artemisinin derivatives are capable of rendering stage V gametocytes inactive, but do not 
prevent malaria transmission clinically on their own due to their short half-lives, and so there 
is a need for a combination of anti-gametocyte activity combined with long-acting 
pharmacokinetics or dynamics. There is no generally agreed gold standard of activity 
required in an anti-gametocyte assay. The standard membrane feeding assay (SMFA) or 
mouse-mouse transmission models are currently the only intermediate assays that measure 
formal transmission to the mosquito vector and a mammalian host respectively [49,50]. The 
additional complication is that primaquine, the gold standard, requires metabolic activation in 
the liver, and this must therefore be borne in mind when selecting the correct assay. 
Predicting the efficacy required to achieve clinically significant transmission blockade is not 
possible with any accuracy at this stage; as an initial guideline it is suggested that molecules 
should reduce the number of oocysts by >90%, as measured in a clinical study where 
mosquitoes feed on human blood at various time points post oral dosing. However, this is 
complicated by the fact that the link between the standard membrane feeding assay and field-
based transmission studies still requires further clarification [51]. It is to be expected that 
better understanding of this will emerge over the next two years as more molecules are 
characterized in standard membrane feeding assays whose activity can be compared to 
efficacy in human proof-of-concept studies. The WHO has recently recommended a single 
dose of 0.25 mg/kg of primaquine as the gold standard for transmission blocking [52]. This 
single dose is not anticipated to cause significant haemolysis in G6PD-deficient subjects 
(unlike the 14 day course required for relapse prevention). In the absence of primaquine 
resistance, this sets a very high barrier for a new molecule to achieve, simply based on 
transmission blocking alone. 

In Table 3, the attributes are described for all TCP-3 molecules, those specific for anti-relapse 
compounds (TCP-3a) and those for clinically relevant transmission blocking compounds 
(TCP-3b). The latter group could contain molecules which kill the insect stages of the 
infection such as oocysts and sporozoites following ingestion of a blood meal. The challenge 
for such molecules is achieving an effective concentration in the human host for as long as 
mature infective gametocytes are circulating and so will only be feasible if co-administered 
with a rapid-acting gametocytocidal agent. Interestingly, transmission blocking can also 



result from insecticidal activity and ivermectin is currently under evaluation to complement 
existing tools towards eradication. 

Although in an ideal world, where the goal is a SERCaP, there may also be a place for a 
molecule with both transmission-blocking and anti-relapse activity as part of a three-day 
course of therapy, together with the current generation of artemisinin combination therapies. 
Hence for the minimal acceptable profile, a dose given over two or three days could have a 
role in malaria control and eradication. 


