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In vitro drug treatment with artemisinin derivatives, such as dihydroartemisinin (DHA), results in a temporary growth arrest
(i.e., dormancy) at an early ring stage in Plasmodium falciparum. This response has been proposed to play a role in the recrudes-
cence of P. falciparum infections following monotherapy with artesunate and may contribute to the development of artemisinin
resistance in P. falciparum malaria. We demonstrate here that artemether does induce dormant rings, a finding which further
supports the class effect of artemisinin derivatives in inducing the temporary growth arrest of P. falciparum parasites. In con-
trast and similarly to lumefantrine, the novel and fast-acting spiroindolone compound KAE609 does not induce growth arrest at
the early ring stage of P. falciparum and prevents the recrudescence of DHA-arrested rings at a low concentration (50 nM). Our
findings, together with previous clinical data showing that KAE609 is active against artemisinin-resistant K13 mutant parasites,
suggest that KAE609 could be an effective partner drug with a broad range of antimalarials, including artemisinin derivatives, in
the treatment of multidrug-resistant P. falciparum malaria.

Over the last 2 decades, artemisinin-based combination thera-
pies (ACTs) have been the most efficacious treatments

against malaria and have contributed greatly to the decline in ma-
laria mortality and morbidity (1, 2). Recent reports of falling effi-
cacy rates of ACTs in Southeast Asia, as evidenced by increased
treatment failures (3–5) and prolonged parasite clearance times
following ACT treatment (6–11), are of great concern. Molecular
markers of artemisinin resistance, K13 propeller mutations, have
been identified (12, 13), and several recent reports suggest that
resistance to the currently used ACTs is developing and spreading
sooner than expected (14, 15). It remains unclear whether this
resistance is a result of changes in the parasite molecular machin-
ery required for the mode of action of artemisinin derivatives (16)
or due to a recently described phenomenon of dormancy (growth
retardation), where Plasmodium falciparum rings are able to sur-
vive dihydroartemisinin (DHA) treatment by undergoing a
temporary growth arrest (17–19). Despite many unanswered
questions about the role of dormancy, the importance of this
phenomenon in the context of antimalarial chemotherapy and
artemisinin resistance has become increasingly evident (17–23).
Furthermore, the growth arrest of ring-stage parasites and their
recovery rates observed in the in vitro ring survival assay (RSA)
correlate strongly with parasite clearance half-lives after treatment
of P. falciparum malaria with ACTs (22, 23), providing further
support for the link between dormancy and treatment failures and
possible resistance.

Despite the concerns over emerging artemisinin resistance,
ACTs still remain the treatment of choice for uncomplicated P.
falciparum malaria (1). Therefore, to enhance or prolong the ac-
tivity of ACTs against the emergence of resistance, it is important
to develop new partner drugs as ACTs or non-ACTs and evaluate
their ability to induce dormant parasites or prevent their recovery,
as well as their ability to kill emerging resistant parasites. Reports
of artemisinin resistance (3–5) also highlight the need for the ra-
tional design of new drug combinations with drugs targeting dif-
ferent parasite pathways and mechanisms of resistance.

The spiroindolone KAE609 (previously referred to as NITD609
and also known as cipargamin) is a potent antimalarial drug that

belongs to a new chemical class of drugs. KAE609 kills all blood
stages of P. falciparum in vitro at low nanomolar concentrations
(24), including late-stage gametocytes, and thus possesses trans-
mission-blocking activity potential (25). A phase I study has
shown KAE609 to be well tolerated in healthy volunteers at doses
up to 150 mg daily and to have favorable pharmacokinetic prop-
erties (26). Furthermore, a phase II trial revealed the potent and
fast activity of KAE609 against both P. falciparum and P. vivax
malaria, with a short mean parasite clearance time of 12 h and a
parasite half-life clearance of �0.9 h (27). Importantly, KAE609
was highly effective for the treatment of patients infected with P.
falciparum strains bearing mutations in the K13 gene (27).

Importantly, the mechanism of action of KAE609 is different
from that of other commonly used antimalarial drugs, such as
artemisinin and mefloquine (24). KAE609 disrupts the regulation
of Na� in parasites (28) through the inhibition of a P-type non-
SERCA ATPase (P. falciparum ATP4 [PfATP4]) (24, 28). The
mechanism of action and the mechanism of resistance to KAE609
thus differ from those of artemisinin derivatives, for which recent
studies identified possible candidate loci on chromosomes 10 and
13, with the polymorphism in the K13 gene showing the strongest
correlation yet with the delayed parasite clearance phenotype (13).

In the context of emerging artemisinin resistance, it is impor-
tant to ascertain that KAE609 does not induce dormant parasites,
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which could lead to recrudescence and, possibly, the development
of drug resistance. This information is also lacking for the partner
drugs of the most commonly used ACT, artemether (ART)-lume-
fantrine (LUM) (marketed as Coartem). In the present study, we
compared the effect of KAE609 on P. falciparum ring-stage para-
sites with that of artemether and lumefantrine to determine their
ability to induce dormancy at the ring stage. We also evaluated the
inhibitory effect of KAE609 and lumefantrine on DHA-induced
dormant rings.

MATERIALS AND METHODS
Drugs. KAE609, ART, and LUM were provided by Novartis. DHA was
obtained from Central Pharmaceutical Company No. 1 (Hanoi, Viet-
nam). Drug stock solutions were prepared to 1 mM concentrations in
dimethyl sulfoxide (DMSO) for KAE609 and LUM, in methanol for DHA,
and in 50% methanol for ART.

Continuous in vitro cultivation of P. falciparum. The P. falciparum
laboratory-adapted chloroquine- and pyrimethamine-resistant W2 strain
(Indochina) was used in this study and cultured as previously described
(29) in RPMI 1640-LPLF complete medium. The base medium (1 liter)
contained RPMI 1640-LPLF (Gibco BRL, Invitrogen Corporation, CA),
5.97 g of HEPES (MP Biomedicals, Australia), 2 g D-glucose (BDH Chem-
icals, Australia), 0.05 g hypoxanthine (Sigma, St. Louis, MO), and 40
mg/liter gentamicin (Pfizer, Australia) with the pH adjusted to 6.9. The
plain medium was obtained by adding sodium bicarbonate (final concen-
tration, 0.21%) to base medium and used to wash parasite cultures for the
removal of drugs. The complete medium was made by supplementing
plain medium with 10% human plasma before use. Plasma and type O-
positive red blood cells (RBCs) were obtained from the Australian Red
Cross Blood Service (Brisbane, Australia).

Parasite cultures at 1 to 8% parasitemia and 4% hematocrit were rou-
tinely synchronized (typically, every 48 h) when the majority of parasites
(�85%) were at the ring stage using D-sorbitol (Bacto Laboratories Pty.
Ltd., Australia) (30). For the dormancy experiments, an additional syn-
chronization with heparin (31) was carried out prior to the experiment.
Heparin (Pfizer, Australia) was added to the culture (1 unit/ml of culture)
at the late trophozoite-early schizont stage to prevent newly released
merozoites from invading the RBCs. When the cultures reached the ma-
ture schizont stage, the cultures were centrifuged at 500 � g for 5 min, and
the RBC pellets were resuspended in complete medium and incubated at
37°C for a further 4 to 6 h. Following incubation the cultures were treated
with D-sorbitol to remove the remaining schizonts. This process resulted
in highly synchronous cultures in which, typically, �95% of the parasites
were at the early ring stage (�6 h old).

Determination of in vitro inhibitory concentrations of antimalarial
drugs by [3H]hypoxanthine growth inhibition assay. The in vitro anti-
malarial activities of KAE609, DHA, ART, and LUM against the W2 strain
were assessed by the 48-h [3H]hypoxanthine growth inhibition assay (32).
Briefly, the 48-h assay was initiated at the ring stage, with parasite cultures
at 1% parasitemia and 2% hematocrit (100 �l per well in triplicate) being
exposed to ten 2-fold dilutions of the drugs made in complete medium in
96-well plates. [3H]hypoxanthine (0.2 �Ci per well) was added at the
trophozoite stage, �24 h after initiation of the assay. The in vitro antima-
larial activity of the drug was defined as the concentrations that caused
50% inhibition (IC50) and 90% inhibition (IC90) of parasite growth,
which were calculated by nonlinear regression analysis using GraphPad
Prism software (v5.0; GraphPad Software, Inc., CA).

Evaluation of potential of KAE609, ART, and LUM to induce dor-
mancy in P. falciparum in vitro. To compare the effects of KAE609, ART,
and LUM on ring stage parasites with the effect of DHA, the inoculum
containing highly synchronous ring stage parasites (�6 h) at 4% hemat-
ocrit and 0.5 to 1% parasitemia was split into 10-ml aliquots and placed in
25-cm2 flasks. These cultures were exposed to various KAE609, DHA,
ART, and LUM concentrations equivalent to multiple folds of the IC90 of
the drugs for 6 h (Table 1). Following treatment, the drugs were removed

by three washes in plain medium and the RBC pellets were resuspended in
the original volume of complete medium (10 ml). The flasks were gassed
and incubated at 37°C for an 8-week follow-up period. During this period
the parasite culture media were changed with a �100-�l aliquot of an
RBC suspension, which was added to each flask weekly.

To evaluate the effect of KAE609 on dormant rings, the ring-stage
cultures were pretreated with either DHA or ART for 6 h. Following ex-
posure, the drugs were removed from the culture media and the cultures
were subsequently exposed to increasing concentrations ranging from 2.5
to 100 nM (equivalent to 1.25� to 50� IC90) KAE609 or 600 to 6,000 nM
(equivalent to 10� to 100� IC90) LUM for another 6 h (Table 1). In
addition, in these experiments parasites were also exposed to the same
concentrations of KAE609 or LUM without pretreatment with DHA
or ART.

During the 8-week follow-up period, the cultures were monitored for
growing parasites by microscopy using Giemsa staining. Slides (thick and
thin smears) were made from cultures daily during the first 9 to 10 days,
then every second day until week 3, and, finally, biweekly until the end of
the follow-up period. In addition, during the first 9 to 10 days, the cultures
were also analyzed daily by flow cytometry using staining with either the
SYBR green I dye (Invitrogen, Australia) or the rhodamine 123 dye (Sig-
ma-Aldrich, Australia).

Flow cytometric analysis. Thirty microliters of the 10,000� SYBR
green I dye, diluted 1,000-fold in 1� phosphate-buffered saline (PBS;
Gibco BRL), was added to 30 �l of the P. falciparum culture in complete
medium and incubated at 37°C in the dark for 15 min. Following incuba-
tion, the samples were centrifuged at 500 � g for 1 min and the superna-
tant was removed. The RBC pellets were washed three times with 500 �l of
1� PBS and resuspended in 500 �l of 1� PBS buffer.

A stock solution of rhodamine 123 (20 mg/ml in DMSO) was prepared
and subsequently diluted to 100 �g/ml with 1� PBS, aliquoted, and
stored at �80°C until used. For live parasite staining, 3 �l of rhodamine
123 was added to 30 �l of parasite culture (final concentration, 10 �g/ml)
in complete medium. The samples were centrifuged at 500 � g, and the
supernatant was removed. The RBC pellets were washed twice with 200 �l
of prewarmed complete medium, resuspended in 200 �l of complete me-
dium, and incubated in the dark at 37°C for 20 min. Following incubation,
the samples were centrifuged, and the RBC pellets were resuspended in
500 �l of 1� PBS and immediately analyzed by flow cytometry.

An FC500 flow cytometer (Beckman Coulter, Australia) was used, and
the fluorescence data were obtained using a blue laser (488 nm) with
forward scatter (FS) and fluorescence (FL) detectors FS/FL1 or FL1/FL2
with the 525 band path/575 band path nm filter configuration. One hun-
dred thousand and 40,000 events were counted for SYBR green and rho-
damine 123, respectively.

DNA-binding SYBR green staining was used to determine total para-
sitemia, which includes dead, drug-affected, and healthy parasites as well
as their developmental stages (33). On the basis of their fluorescent values,
the events counted as ring-stage parasites were subdivided into three areas

TABLE 1 Inhibitory concentrations (IC) of KAE609, DHA, ART, and
LUM against the P. falciparum W2 line and concentrations of these
drugs used in dormancy experiments

Drug IC50 (nM) IC90 (nM)
Absolute drug concn (nM)
(equivalent [fold IC90] drug concn)

KAE609 1.0a 2.0a 2.5 (1.25), 5 (2.5), 10 (5), 25 (12.5), 50
(25), 100 (50), 200 (100), 400 (200)b

DHA 1.0 2.5 700 (200)
ART 3.1 5.6 50 (10), 500 (100)
LUM 24 60 600 (10), 1,500 (25), 3,000 (50), 6,000

(100)
a Based on previously published data (24).
b This concentration was not used in sequential treatment after pretreatment
with DHA.
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(gates) containing RBCs infected with either one, two, or three rings. The
trophozoite stage included the events with fluorescence values between 4
and 6 times greater than the median fluorescence value of an area with
single rings. Thus, in this analysis, some growing trophozoites would also
be counted in areas overlapping with double and triple rings. These defi-
nitions of the gates were verified by microscopy.

Staining with rhodamine 123 was used to identify live parasites (i.e.,
parasites with negative mitochondrial membrane potential) (34–36). Un-
infected RBCs were used as the negative control and excluded from count-
ing. The data were analyzed using Kalusa software (Beckman Coulter,
Australia).

RESULTS
KAE609 and LUM do not induce dormant P. falciparum ring
stage parasites. To assess the effects of the drugs on ring stage
parasites, W2 parasites were exposed to various concentrations of
KAE609, DHA, ART, and LUM for 6 h, starting with parasites �6
h into ring stage development (Table 1), after which the drugs
were removed from the cultures. Microscopic examination of the
cultures showed that after 6 h of exposure to DHA (700 nM) or

ART (500 nM), progression of rings to trophozoites had ceased,
with a high proportion of rings looking drug affected. The char-
acteristic dormant rings, as previously described by Tucker et al.
(37), which had a red nucleus and a compact blue cytoplasm (Fig.
1), became apparent 24 to 48 h after the start of either DHA or
ART exposure and amounted to between 2 and 20% of all rings.
Growing trophozoites were observed on the slides at between days
3 and 5, marking the resumption of parasite growth or recovery
from dormancy (see Table S1 in the supplemental material).

The inhibitory effect of KAE609 and LUM on rings was dose
dependent. Microscopic examination revealed that parasites ex-
posed to lower concentrations of KAE609 (2.5 to 10 nM) and
LUM (600 nM) for 6 h continued to grow similarly to the un-
treated controls, although with a slight delay (Fig. 1; see also Table
S1 in the supplemental material). The concentrations of KAE609
(25 to 200 nM) and LUM (3,000 to 6,000 nM) inhibited parasite
growth, with no growing parasites being observed during the first
10 days after 6 h of drug exposure. At 25 nM or 50 nM KAE609 and
3,000 nM or 6,000 nM LUM, rings progressed further through the

FIG 1 Representative images of Giemsa-stained thin smears of Plasmodium falciparum W2 parasite cultures taken at 24 h after the start of treatment with an
initial 6-h exposure to the various concentrations (fold IC90s) of KAE609, DHA, ART, and LUM indicated. W2CTL, W2 control (untreated) parasites.
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cycle after removal of the drug but stopped at the late ring stage to
early trophozoite stage. Cultures exposed to 100 nM or 200 nM
KAE609 progressed to the late ring stage. Unlike cultures exposed
to DHA or ART, no dormant rings were observed in cultures
exposed to either KAE609 or LUM.

The microscopy results were substantiated by flow cytometric
analysis of SYBR green-stained parasites, which allowed quantifi-
cation of parasitemia and determination of the parasite stages
present in cultures after exposure to KAE609, DHA, ART, and
LUM at 6, 24, 36, 48, 72, and 96 h after the start of the treatments,
as shown in Fig. 2.

The parasiticidal effect of KAE609 and LUM is different from
that of DHA or ART. The parasiticidal effects of the drugs were
evaluated by comparing the fraction of live parasites using 123
staining. The percentage of live parasites (presented as means 	
standard deviations [SDs]) in cultures treated with various con-
centrations of KAE609, DHA, ART, and LUM is presented in Fig.
3. Exposure to DHA (700 nM) or ART (500 nM) resulted in
35% 	 12% of live parasites in the DHA-treated cultures imme-
diately after 6 h of drug exposure, with a further sharp decline to
7.8% 	 3.2% (RBC background levels, 2.3% 	 1.5%) being found
at 24 h after the start of treatment. Consistent with the concept of
dormancy, the fluorescence values remained at these low levels
until 96 h after the start of treatment, with an increase in fluores-
cence being detected on day 5, although a small number of tro-
phozoites could be detected as early as 72 h by both flow cytometry
and microscopy, indicating recovery from dormancy. A similar
pattern was observed in cultures exposed to ART (500 nM).

The parasiticidal effect of KAE609 or LUM on parasites was
different from that of DHA or ART. The fractions of live parasites
detected in cultures treated with low concentrations of KAE609
(2.5 to 10 nM) were similar to those of live parasites of the un-
treated W2 control, where parasites grew during the first 72 h of
follow-up until the population crashed from overgrowth. Simi-
larly, a large fraction of live parasites was detected in cultures
treated with the lowest concentration of LUM (600 nM), albeit
their progression through the cycle was delayed compared to the
progression of the control parasites (data not shown).

In cultures exposed to higher concentrations of KAE609 of 25
nM, 50 nM, and 100 nM for 6 h, the percentages of live parasites
measured at 24 h (18 h after drug exposure) were 80% 	 28%,
74% 	 27%, and 76% 	 26% (relative to the values for the W2
control at 0 h), respectively (Fig. 3). At 48 h the number of live
parasites decreased (17% 	 5% at 25 nM KAE609, 21% 	 5% at
50 nM KAE609, and 30% 	 5% at 100 nM KAE609). However, it
took up to 96 h after the start of treatment before the fluorescence
indicating live parasite numbers in cultures treated with 25 nM to
100 nM KAE609 declined to background fluorescence levels and
remained undetectable for the remaining follow-up period. A
similar pattern of decline in live parasite numbers was also ob-
served after 6 h of exposure to high concentrations of LUM (3,000
to 6,000 nM).

The recrudescence of parasites following treatment with
KAE609, DHA, ART, and LUM. W2 parasites treated with 25 nM
or 50 nM KAE609 recrudesced at days 14 to 16 and 18 to 23,
respectively (see Table S1 in the supplemental material). At
KAE609 concentrations of 100 nM or greater, no recrudescence
was observed by microscopy during 8 weeks of follow-up. Similar
parasite clearance with no recrudescence was seen at 3,000 nM or
6,000 nM LUM. The recovery of DHA (700 nM)-treated or ART

(500 nM)-treated parasites usually occurred on days 3 to 5 after
the start of treatment. These results were reproducible (n 
 4) and
consistent with previously published data (17).

KAE609 and LUM prevent the recrudescence of DHA-in-
duced dormant rings. Pretreatment with either DHA (700 nM) or
ART (500 nM) resulted in the appearance of dormant rings, which
were seen by microscopy in all cultures exposed to these drugs.
The sequential 6-h exposure to low concentrations of KAE609 (2.5
to 10 nM) did not delay the recovery of dormant parasites com-
pared with that of DHA alone (3 to 5 days), whereas exposure to 25
nM KAE609 resulted in the recrudescence of parasites on day 16,
which was comparable to the result obtained with KAE609 treat-
ment alone. Sequential exposure to KAE609 (50 nM) or LUM
(3,000 nM) for 6 h was sufficient to prevent recrudescence over
the 8-week follow-up period (see Table S1 in the supplemental
material).

DISCUSSION

In this study, we used the in vitro model developed by Teuscher et
al. (17) that described the induction of dormant ring stages in P.
falciparum W2 parasites following 6 h of exposure to DHA (700
nM) to evaluate drugs for their ability to induce dormant para-
sites. The DHA concentration and exposure duration in this
model were also identical to those used in the recently developed
ring survival assay (RSA), which is recommended for the evalua-
tion of artemisinin resistance in the field (22, 23). Both DHA (700
nM) and ART (500 nM) produced dormant ring stages at 24 to 48
h after the start of treatment, with parasites recovering 3 to 5 days
after drug exposure. This finding is in accord with the class effect
of the artemisinin derivatives resulting in the induction of dor-
mant rings reported elsewhere (38, 39), even though the time to
recovery of the parasites was shorter than that reported previously
(17, 39, 40). A plausible explanation for the difference is that in the
present study, magnetic columns were not used on days 1, 2, and 3
after the start of the experiment to remove growing parasites (late
stages) not killed by DHA treatment as well as those emerging
from dormant parasites with the short duration of dormancy (24
to 48 h).

Unlike DHA or ART, we showed that neither KAE609 nor
LUM treatment resulted in the appearance of dormant rings. Our
findings corroborate those of Rottmann et al. (24) that in vitro
KAE609 does not act as rapidly as DHA or ART, since after the
removal of KAE609, ring-stage parasites progressed further
through the cycle before they stopped growing and later died. Of
note, KAE609 at a concentration of 100 or 200 nM had a parasit-
icidal effect on rings, despite a relatively short exposure time (6 h),
albeit not as immediate as that of DHA or ART. Although the
timing of parasite death after 6 h of exposure to KAE609 was
similar to that of LUM, the concentration of KAE609 required to
kill all parasites was markedly lower than that of LUM (100 nM
versus 3,000 nM). Additionally, KAE609 has been shown to be
highly active in vitro against P. falciparum strains bearing various
K13 mutations (T. T. Diagana, unpublished data).

When parasites were pretreated with either DHA or ART for 6
h and sequentially exposed to KAE609 or LUM for a further 6 h,
the concentration of KAE609 required to prevent parasite re-
growth was 2-fold less (50 nM versus 100 nM) than that required
by drug treatment alone, whereas 3,000 nM LUM was still re-
quired to prevent the recovery of dormant parasites. These pro-
found in vitro differences in antimalarial activity between the ar-
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temisinin derivatives and KAE609 and the superior antimalarial
activity of the spiroindolone against W2 dormant rings provide
further evidence for the need for the clinical development of the
drug. It would be worthwhile to evaluate the activity of KAE609

against dormant rings of other P. falciparum lines, including those
derived from patients with delayed parasite clearance times and
bearing K13 mutations.

The slower parasitological response to ACTs (3–5) in South-

FIG 2 Parasitemia profiles and representative distribution of blood stages of Plasmodium falciparum W2 parasites after 6 h of exposure to various concentrations (fold
IC90) of KAE609, DHA, ART, and LUM measured by flow cytometric analysis of SYBR green-stained parasites at different time points (6 h, 24 h, 36 h, 48 h, 72 h, and 96
h) after the start of treatment. *, cessation of culturing due to high levels of parasitemia; W2 CTL, W2 control (untreated) parasites; Trophs, trophozoites.
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east Asian countries combined with increasing resistance to part-
ner drugs, such as piperaquine (10, 41), highlights the need to
develop more effective drugs that may be used to partner with the
rapidly acting artemisinins or as new non-ACTs. For antimalarial
drug combinations to be effective, not only is it essential that min-
imal parasiticidal inhibitory concentrations of the partner drugs
be achieved in the patient’s blood, but also the timing and overall
duration of drug exposure to the parasites are critical for success-
ful treatment outcomes. Recently, White et al. (27) reported
KAE609 to be highly efficacious in clearing both P. falciparum and
P. vivax malaria, with P. falciparum malaria patients achieving a
maximum plasma KAE609 concentration of 1,360 ng/ml (3,485
nM) after a 3-day regimen of 30 mg per day. The terminal elimi-
nation half-life of 23.1 h for KAE609 is much longer than that of
0.85 h for DHA (42) and that of 2 h for ART (43), suggesting that
if KAE609 is combined with DHA or ART to extend the effective
life of ACTs, KAE609 would persist much longer than the artemis-
inin derivatives in blood. Additionally, a 3-day regimen of
KAE609 combined with an artemisinin derivative would result in
blood KAE609 concentrations above the in vitro cidal concentra-
tion of 100 nM for three asexual cycles to prevent recrudescence.

Remarkably, the clinical trial by White et al. (27) showed that
KAE609 produces a rapid median parasite clearance time of 12 h,
which is considerably faster than that found in recent studies of
artesunate (�54 h) (3, 44). As KAE609 is devoid of the major
drawbacks of the artemisinin derivatives (i.e., a short elimination
half-life and dormancy induction) and possesses in vitro antima-
larial activity at low nanomolar concentrations, it is conceivable
that instead of artemisinin derivatives, KAE609 could be used as a
rapidly acting partner drug in combination with a longer-acting
antimalarial. As in vitro findings suggest that resistance to KAE609
could be developed reasonably fast via the selection of mutations
in PfATP4 (24), the longer-acting partner drug should not be
impacted by the same resistance mechanism in order to provide
protection against the emergence of resistance.

In designing the next generation of drugs for malaria control
and eradication, the Medicines for Malaria Venture has developed

target candidate profiles (TCPs), with KAE609 fulfilling the
TCP-1 definition of a drug that can rapidly clear the parasite load
(45). The data for KAE609 and LUM obtained in the present in
vitro study show that neither drug induces dormant rings of P.
falciparum and show that their clinically achievable blood concen-
trations prevent the recovery of dormant parasites induced by the
artemisinin derivatives. Like LUM, KAE609 could thus be com-
bined with an artemisinin derivative or, preferably, be a partner
drug with a long-acting antimalarial to produce a non-ACT. The
latter option is urgently needed to combat the emergence and
spread of artemisinin resistance in Southeast Asia.
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