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Abstract

BACKGROUND—Additional interventions are needed to reduce the morbidity and mortality
caused by malaria.

METHODS—We conducted a two-part, phase 1 clinical trial to assess the safety and
pharmacokinetics of CIS43LS, an antimalarial monoclonal antibody with an extended half-life,
and its efficacy against infection with Plasmodium falciparum. Part A of the trial assessed the
safety, initial side-effect profile, and pharmacokinetics of CIS43LS in healthy adults who had
never had malaria. Participants received CIS43LS subcutaneously or intravenously at one of
three escalating dose levels. A subgroup of participants from Part A continued to Part B, and
some received a second CIS43LS infusion. Additional participants were enrolled in Part B and
received CIS43LS intravenously. To assess the protective efficacy of CIS43LS, some participants
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underwent controlled human malaria infection in which they were exposed to mosquitoes carrying
P, falciparum sporozoites 4 to 36 weeks after administration of CIS43LS.

RESULTS—A total of 25 participants received CIS43LS at a dose of 5 mg per kilogram of body
weight, 20 mg per kilogram, or 40 mg per kilogram, and 4 of the 25 participants received a second
dose (20 mg per kilogram regardless of initial dose). No safety concerns were identified. We
observed dose-dependent increases in CIS43LS serum concentrations, with a half-life of 56 days.
None of the 9 participants who received CIS43LS, as compared with 5 of 6 control participants
who did not receive CIS43LS, had parasitemia according to polymerase-chain-reaction testing
through 21 days after controlled human malaria infection. Two participants who received 40 mg
per kilogram of CIS43LS and underwent controlled human malaria infection approximately 36
weeks later had no parasitemia, with serum concentrations of CIS43LS of 46 and 57 (g per
milliliter at the time of controlled human malaria infection.

CONCLUSIONS—Among adults who had never had malaria infection or vaccination,
administration of the long-acting monoclonal antibody CIS43LS prevented malaria after
controlled infection. (Funded by the National Institute of Allergy and Infectious Diseases; VRC
612 ClinicalTrials.gov number, NCT04206332.)

Malaria is a mosquito-borne parasitic disease caused by Plasmodium falciparum that affects
approximately 200 to 400 million people each year, resulting in nearly 400,000 annual
deaths and disproportionately affecting children in sub-Saharan Africa.l Although public
health measures such as insecticide-treated bed nets and antimalarial drugs led to a 50 to
75% reduction in global malaria cases in the period from 2000 to 2015, the incidence

of malaria is now increasing in many areas despite these interventions.? With respect to
vaccines, three doses of RTS,S, a protein subunit vaccine adjuvanted with ASO1, conferred
approximately 50% protection against clinical infection at 1 year and 28% protection over 4
years in phase 3 studies involving children 5 to 17 months of age.3-6 Given the health and
economic burden attributable to malaria, additional countermeasures are needed to better
control and possibly eliminate this disease.”:8

Antibodies can prevent malaria by neutralizing the infectious P, falciparum sporozoites in
the skin and blood before they can infect hepatocytes in the liver.2-11 The £ falciparum
circumsporozoite protein is the most abundant £ falciparum sporozoite surface protein

and is required for parasite motility and invasion of hepatocytes, making it a critical
antigenic target for antibody neutralization and subunit vaccine development.12-17 The A
falciparum circumsporozoite protein has three major domains: an N-terminal domain, a
central region composed of repeating tetrapeptides characterized by NANP repeats, and a
C-terminal region. Although the majority of neutralizing monoclonal antibodies against 2
falciparum circumsporozoite protein bind the immunodominant central NANP repeats,18-21
we previously identified a new site of vulnerability that spans the NPDP tetrapeptide and is
located at the junction of the N-terminal and central repeat regions. This site was defined
with the use of binding analyses of a new human monoclonal antibody, C1S43,22 which
was isolated from a participant in a clinical trial who was immunized with an attenuated £~
falciparum whole-sporozoite vaccine (Sanaria).22 C1S43 exhibited preferential specificity for
the junctional NPDP epitope and was highly protective in several preclinical mouse models
of malaria infection.22 The junctional NPDP epitope was highly conserved in 99.9% of
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more than 6500 2. falciparum field isolates analyzed.?? Before it was evaluated in humans,
C1543 was modified to C1S43LS24 by means of site-directed mutagenesis of its Fc region,
which converted methionine to leucine and asparagine to serine to prolong plasma half-life
through increased neonatal Fc receptor-mediated antibody recirculation.2> Here, we report
the results of a phase 1 clinical trial conducted to assess the safety, initial side-effect

profile, pharmacokinetics, and protective efficacy of CIS43LS in healthy adults who had not
previously had malaria or received a vaccine for malaria.

METHODS
TRIAL DESIGN AND PARTICIPANTS

VRC 612 was a two-part, first-in-human, open-label, phase 1, dose-escalation clinical

trial. The primary objectives of the trial were to evaluate the safety and initial side-effect
profile of CIS43LS. Secondary objectives were to assess the pharmacokinetic properties and
efficacy of CIS43LS in preventing malaria after controlled human malaria infection. Eligible
participants were healthy adults 18 to 50 years of age who had not had previous malaria
infection or vaccination. Full details of the inclusion and exclusion criteria are provided in
the protocol, available with the full text of this article at NEJM.org.

TRIAL OVERSIGHT

The trial was designed, funded, and conducted by the Vaccine Research Center (VRC),
National Institute of Allergy and Infectious Diseases, National Institutes of Health (NIH), at
the NIH Clinical Center. Controlled human malaria infection was conducted at the U.S.
Army facility at Walter Reed Army Institute of Research (WRAIR) in Silver Spring,
Maryland. The NIH institutional review board reviewed and approved the trial protocol.

All participants provided written informed consent, and the trial followed the Department
of Health and Human Services guidelines for the protection of human research participants.
Data were gathered and analyzed by the VRC and WRAIR. All the authors vouch for the
accuracy of the data and analyses and for the adherence of the trial to the protocol.

TRIAL PRODUCT

CIS43LS is a human IgG1 monoclonal antibody that is derived from a Chinese hamster
ovary DG44 stably transfected clonal cell line.2# It was manufactured according to Current
Good Manufacturing Practices by the Vaccine Clinical Materials Program, operated under
contract with Leidos Biomedical Research, and vialed in a buffered formulation at a
concentration of 100 mg per milliliter.

TRIAL PROCEDURES

CIS43LS was administered intravenously over 30 minutes at a dose of 5 mg per kilogram

of body weight, 20 mg per kilogram, or 40 mg per kilogram. Participants who received
subcutaneous injections received 5 mg per kilogram, with the total dose divided into up to
four abdominal injections on the basis of the weight of the participant. Individual injections
did not exceed 2.5 ml. All participants were observed for 2 to 4 hours after administration of
CIS43LS.
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Two escalations in the intravenous doses were performed in Part A of the trial to assess
safety. The first group of participants who were enrolled received a single dose of 5 mg

per kilogram. A single dose of 20 mg per kilogram was similarly assessed in separate
participants before a single dose of 40 mg per kilogram was administered to a final

group of participants. Safety data included participant-reported solicited adverse events that
occurred through 7 days after each administration as well as clinical and laboratory-based
assessments at protocol-specified trial visits. Unsolicited adverse events were recorded for
28 days after CIS43LS administration and for an additional 28 days after controlled human
malaria infection and were graded according to a modified Division of AIDS Table for
Grading the Severity of Adult and Pediatric Adverse Events, version 2.1. Serious adverse
events and new chronic medical conditions were recorded for the entire duration of the trial.

Participants were followed for 6 months after the final CIS43LS administration. Participants
were able to choose if they wanted to volunteer as control participants — they did not
receive CIS43LS, but they underwent controlled human malaria infection and were followed
for 8 weeks after the controlled infection.

CONTROLLED HUMAN MALARIA INFECTION

Participants were exposed to bites on the forearm from Angpheles stephensi mosquitoes
infected with P, falciparum (3D7 strain). The mosquitoes met standard infectivity criteria as
previously described.23 Outpatient monitoring was performed by means of two telephone
calls in the first 7 days after infection challenge, followed by clinic visits on days 7 through
18 and on day 21 to assess for parasitemia with standard polymerase-chain-reaction (PCR)
methods.26 Parasitemia (i.e., malaria infection) was defined as a single positive PCR result.
Participants were considered protected if they remained negative for parasitemia through
day 21 after infection. Directly observed treatment with 1 g of atovaquone and 400 mg

of proguanil hydrochloride was administered for 3 consecutive days, beginning at the time
parasitemia was confirmed or on day 21 if the participant had not already been treated.

PHARMACOKINETICS

Serum concentrations of CIS43LS were quantified on the Meso Scale Discovery platform
with the use of a C1S43 anti-idiotype antibody?2# at prespecified time points. Details
regarding the methods are provided in the Supplementary Appendix, available at NEJM.org.
Samples for pharmacokinetic analysis were obtained before CIS43LS administration and

up to 36 weeks after administration. Descriptive statistics for the maximum concentration
(Crnax) and for the concentrations on day 7 and at weeks 4 and 24 were calculated

on the basis of observed data. Additional pharmacokinetic analyses are described in the
Supplemental Methods section of the Supplementary Appendix.

STATISTICAL ANALYSIS

The target sample size was determined on the basis of the probability of observing

serious adverse events. The efficacy analysis included all enrolled participants who received
CIS43LS and underwent controlled human malaria infection. The primary efficacy analysis
was performed with the use of a Barnard test to assess the percentage of participants who
had malaria infection. The secondary efficacy analysis was performed with the use of a

N Engl J Med. Author manuscript; available in PMC 2022 February 26.


http://NEJM.org

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gaudinski et al.

RESULTS

Page 5

log-rank test to compare the time to parasitemia among participants who received CIS43LS

with that among control participants. The salivary gland scores for the mosquitoes used in

controlled infections are reported, along with the median values and interquartile ranges.

PARTICIPANTS

SAFETY

From January 7 to March 5, 2020, a total of 29 participants were enrolled in Part A of the
trial (Fig. 1). CIS43LS was administered to 21 participants between January 7 and March
2, 2020; 4 participants received CIS43LS intravenously at a dose of 5 mg per kilogram,

4 received a subcutaneous dose of 5 mg per kilogram, 5 received an intravenous dose of

20 mg per kilogram, and 8 received an intravenous dose of 40 mg per kilogram. A total

of 8 participants were enrolled to be control participants and did not receive CIS43LS.
Controlled human malaria infection in Part A was originally scheduled for March 17, 2020,
but was canceled because of restrictions related to coronavirus disease 2019 (Covid-19).
Participants in Part A were followed for safety and pharmacokinetic assessments through
in-person and remote visits until August 17, 2020.

From September 8 to October 16, 2020, a total of 18 participants were enrolled in Part
B; 7 participants from Part A were re-enrolled and 11 were newly enrolled. Among the
18 participants in Part B, 10 received CIS43LS in Part A, Part B, or both, and 8 served
as control participants. Among the 11 newly enrolled participants, 4 received 40 mg of
CIS43LS intravenously, and 7 served as control participants. Among the 7 participants
from Part A who were re-enrolled, 4 received CIS43LS at a dose of 20 mg per kilogram
intravenously in Part B (1 had previously received 5 mg per kilogram intravenously, 1
had received 5 mg per kilogram subcutaneously, and 2 had received 20 mg per kilogram
intravenously), and 2 participants who had received 40 mg per kilogram intravenously in
Part A underwent controlled human malaria infection but did not receive an additional dose
in Part B.

Controlled human malaria infection was administered to 15 participants (9 who had received
CIS43LS and 6 control participants) on October 20, 2020. The 21-day monitoring for
parasitemia concluded on November 10, 2020. One participant who received 40 mg

per kilogram intravenously in Part B did not undergo controlled infection because of a
concomitant illness. Participants in Part B were followed through March 2021. Maximum
enrollment was not met in Part B because of Covid-19-related restrictions. The demographic
characteristics of the participants are provided in Table S1 in the Supplementary Appendix.

No safety concerns were identified (Table 1). When present, solicited adverse events

were mild to moderate in severity. There were no infusion-related reactions, and no

serious adverse events were attributed to CIS43LS. Unsolicited adverse events that were
attributed to C1S43LS only occurred among participants who received 5 mg per kilogram
intravenously, and the events were all of grade 1. Single events of dizziness, transient
asymptomatic neutropenia, and elevation in creatinine level (an increase of 1.2 to 1.4 mg per
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deciliter [106 to 124 pmol per liter]) were assessed as being related to CIS43LS. All adverse
events resolved without intervention or residual effects. One participant had a serious
adverse event unrelated to CIS43LS that consisted of unscheduled hospital admission for
treatment of a perirectal abscess.

PHARMACOKINETIC ASSESSMENTS

EFFICACY

CIS43LS displayed dose linearity, expected distribution and elimination phases, and
persistent concentrations in serum over several months (Figs. 2 and S1). Cpax occurred
during the immediate postinfusion period among participants who received CIS43LS
intravenously. After subcutaneous injection, absorption continued to at least day 7, and Cpax
could not be fully calculated because of Covid-19-related interruptions in sample collection.
The mean (£SD) Cpax Was 198.4+28.2 1g per milliliter among participants who received

5 mg per kilogram intravenously, 934.6+£292.6 wg per milliliter among those who received
20 mg per kilogram intravenously, and 1764.4+259.6 pg per milliliter among those who
received 40 mg per kilogram intravenously. The mean serum concentrations at day 7 in
these respective groups were 114.3+25.2, 356.1+118.6, and 825.3+293.1 1qg per milliliter
and remained detectable to week 24 at 12.8+1.0, 43.5+£14.9, and 96.8+23.8 /g per milliliter.

Quantification data for serum CIS43LS concentrations were used to develop a population
pharmacokinetic model that was used for both predictive modeling and estimation of
CIS43LS pharmacokinetic variables. According to the population pharmacokinetic model,
the overall estimate of CIS43LS clearance was 44.2 ml per deciliter (90% confidence
interval [CI], 39.6 to 47.9), the volume of distribution (Vyss) was 3.45 liters (90% ClI,

3.25 t0 4.13), and the half-life (T1/2p) was 56 days (90% ClI, 51.6 to 77.0) (Table S2).

The results of the population pharmacokinetic model of CIS43LS serum concentration after
administration through approximately 40 weeks were similar to those of experimentally
measured CIS43LS serum concentrations acquired over this period (Figs. 3 and S2). No
dose effects on clearance or volumes of distribution were seen. Experimentally measured
serum concentrations that were normalized to intravenous doses of 5 mg per kilogram,

20 mg per kilogram, and 40 mg per kilogram were equally well fit to the observed data
across dose levels and lay within the 90% prediction interval. We performed simulations of
serum concentrations after administration of the three intravenous dose levels and included a
hypothetical dose of 10 mg per kilogram for comparison (Fig. 3); these data may be useful
for the clinical design of future trials of CIS43LS.

None of the 9 participants who underwent controlled human malaria infection and had
received CIS43LS had parasitemia through day 21, whereas parasitemia developed in 5 of
6 control participants on days 8 or 9 after infection (P = 0.001 by two-sided Barnard test),
a finding consistent with historical data for control participants who underwent infection
through this model27:28 (Fig. 4). All participants who underwent controlled infection

met prespecified malaria exposure criteria at the time of the challenge, which consisted

of five qualifying bites from mosquitoes with a salivary gland score of 2 or greater
(scores range from 0 to 4, with higher scores indicating more microscopically observed
sporozoites). The median salivary gland score was 3.2 (interquartile range, 2.6 to 3.2) in
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mosquitoes that bit participants who had received CIS43LS and 3.1 (interquartile range,
3.0 to 3.4) in mosquitoes that bit control participants (Table S3). At the time of controlled
infection, the serum concentrations of CIS43LS ranged from approximately 50 to 500 /g
per milliliter among the 9 participants who had received CIS43LS. Two participants who
underwent controlled infection up to 36 weeks after administration of CIS43LS had serum
concentrations of approximately 50 zg per milliliter at the time of infection (Fig. 2B and
Table S4).

DISCUSSION

Ending the morbidity, mortality, and economic burden caused by malaria requires additional
interventions. Passive administration of a potent monoclonal antibody that has a long half-
life offers a new approach to the prevention of infection with a single administration,
depending on the length of time protection is required. Monoclonal antibodies have already
been approved or authorized for the prevention or treatment of several viral infections
caused by respiratory syncytial virus, Ebola virus, and severe acute respiratory syndrome
coronavirus 2.2%-31 A clinical study performed more than 50 years ago showed that passive
administration of gamma globulin from malaria-immune adults to persons with ongoing
blood-stage infection lowered the blood-stage parasitemia in these persons.32

Here, we present evidence in humans that malaria can be prevented from 4 to 36 weeks
after a single administration of a monoclonal antibody against the major protein covering the
surface of the infecting sporozoite.

In this small phase 1 trial, no safety concerns associated with CIS43LS were identified
after one or two intravenous administrations, as well as after subcutaneous administration.
There were no infusion-related reactions or dose-limiting toxic effects. Immediate
postadministration protection lasting for an extended period is a beneficial feature of
monoclonal antibodies in preventing malaria. Given that the half-life of CIS43LS was 56
days, longer than the average 21-day physiologic half-life of human 1gG,33:34 CI1S43LS
displayed a pharmacokinetic profile aligned with potential clinical use across a variety of
settings.

A secondary objective in this trial was to define the CIS43LS serum concentration required
to mediate protection. Data from preclinical studies in mice that used chimeric mouse
Plasmodium berghei parasites containing £ falcjparum circumsporozoite protein showed
that a CIS43LS serum concentration of approximately 400 pg per milliliter would be
required for complete protection after infection through a mosquito bite.22:24.35 We planned
to achieve these levels using intravenous administration and then discern the protective
serum concentration in humans by performing a prespecified regression analysis in the trial
population across a range of serum concentrations at the time of controlled human malaria
infection. Thus, the trial was designed with the majority of participants receiving intravenous
administration. We could not determine the protective serum concentration threshold,
however, because none of the participants who received CIS43LS became parasitemic.
Future dose de-escalation studies are necessary to delineate this protective concentration.
Once known, the predictive pharmacokinetic model developed with the data from this
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trial could then provide the dose necessary to maintain serum concentrations above this
threshold.

The controlled human infection model involving five bites from infected mosquitoes at

one time has been used for more than 30 years to provide important vaccine or drug

safety and protective efficacy data.2”28 These data enable field studies to be conducted in
regions in which malaria is endemic, where patient characteristics and exposure conditions
differ significantly from the controlled-infection model. Accordingly, another clinical trial
of CIS43LS involving adults in Mali is under way to establish the safety, pharmacokinetics,
clinical feasibility, and proof of principle for protective efficacy against persistent exposure
to diverse P, falciparum strains during the 6-month rainy season (ClinicalTrials.gov number,
NCT04329104).

The limitations of this trial include its small size and the fact that only intravenous
administration of CIS43LS was assessed because subcutaneous administration could not be
evaluated. It was intended that participants who received subcutaneous CIS43LS in Part A
of the trial would undergo controlled infection, but this was postponed because of Covid-19
restrictions. Nevertheless, protection resulting from intravenous administration, even in a
small number of participants, is an encouraging proof of concept that passive administration
of monoclonal antibodies can prevent malaria after controlled infection. Additional trials are
needed to explore the feasibility of the route of administration in variable clinical settings
across distinct populations. The data generated after a short intravenous infusion may most
easily translate into non-endemic clinical-use cases for travelers, military personnel, and
health care workers for whom a single pretravel intravenous infusion would obviate the
need for daily chemoprophylaxis and limit issues related to long-term adherence. Another
major focus of future research will be to determine whether protection can be achieved

by subcutaneous administration of CIS43LS or more potent second-generation monoclonal
antibodies currently in clinical development.3®

This trial provides two major advances in malaria prevention. First, the fact that CIS43LS
targets the junctional region of the £ falciparum circumsporozoite protein supports

the inclusion of this site in next-generation vaccines.36-39 Second, the trial provides a
potential path forward for passive prevention against malaria. The observation that a single
administration of CIS43LS provided protection against malaria could have potentially broad
clinical application, including in the seasonal control of malaria in regions in which it is
endemic and in elimination campaigns. Future research may reveal new routes, doses, and
more potent monoclonal antibodies and may allow expanded use of monoclonal antibodies
in vulnerable populations such as pregnant women and children in areas where malaria is
endemic.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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118 Participants were assessed for eligibility

78 Were excluded

4 Had other reasons

28 Were ineligible because of medical history
or results of laboratory screening
32 Were unable to comply with time commitment
7 Had concerns about potential risks
1 Was assessed after maximum number of
participants had been enrolled
6 Were lost to follow-up during screening

40 Were enrolled in Part A or Part B

l

29 Were enrolled in Part A at month 1

l

l

21 Received CIS43LS

4 Received 5 mg/kg
intravenously

4 Received 5 mg/kg
subcutaneously

5 Received 20 mg/kg
intravenously

8 Received 40 mg/kg
intravenously

8 Were control participants and
did not receive CIS43LS

l

7 Were re-enrolled in Part B at month 9

18 Total were enrolled

in Part B

11 Were newly enrolled in Part B
at month 9

I

l

l

l

l

4 Received 20 mg/kg of CIS43LS
intravenously in Part B
1 Had received 5 mg/kg
intravenously in Part A
1 Had received 5 mg/kg
subcutaneously in Part A
2 Had received 20 mg/kg
intravenously in Part A
2 Had received 40 mg/kg in
Part A and did not receive
CIS43LS in Part B

1 Was a control participant and
did not receive CIS43LS

4 Received 40 mg/kg of CIS43LS
intravenously in Part B

7 Were control participants and
did not receive CIS43LS

1 Was lost to follow-up

39 Completed the trial according to protocol
and were included in the follow-up

Figure 1. Participants and Administration of CIS43LS.
The VRC 612 trial was conducted in two parts. Because of restrictions related to coronavirus

disease 2019, the controlled human malaria infection that was originally planned for Part
A was canceled, and the trial was modified. Of the 18 participants enrolled in Part B, 15
underwent controlled infection in month 10 (October 2020): 9 of these participants had

received CIS43LS and 6 were control participants.
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A Mean Serum Concentrations of CIS43LS for Part A

] CIS43LS Dose Groups
£ ) —e— 40 mg/kg IV (N=8
< 10004 g/kg IV (N=8)
3 3 —8— 20 mg/kg IV (N=5)
g 5 mg/kg IV (N=4)
£ 1004 5 mg/kg SC (N=4)
] ]
| = =
o
S ]
Y 105
o 3
) E
1} ol
] _

1 T T T T T T 1
0 4 8 12 16 20 24
* Weeks
Part A
CIS43LS

administration

B Serum Concentrations of CIS43LS for the Entire Trial Period

. Controlled infection Controlled infection
3 canceled performed CIS43LS Dose Groups
= i (March 17) (Oct. 20)
E i ! —0— 40 mg/kg IV, newly
g 1000§ ! “‘ ! enrolled in Part B (N=3)
- I Y
c . } 4 —8— 40 mg/kg IV, re-enrolled
o . e /
.g ] i M_\'W from Part A (N=2)
£ 1003 ’ | —8— 20 mg/kg IV in Part A,
3 ] i 20 mg/kg IV in Part B
& | . | (N=2)
a 10 i ! 5 mg/kg IV in Part A,
2 3 ! l 20 mg/kg IV in Part B
S | i (N=1)
v 1 i | 5 mg/kg SCin Part A,
1 | T - | - | ' — 20 mg/kg IV in Part B
January February April June August October (N=1)
2020 2020 2020 2020 2020 2020
Part B
CIS43LS

administrations

Figure 2. Serum Concentrations of CIS43LS.
Panel A shows the mean serum concentrations of CIS43LS among participants in Part A.

The geometric mean titers with standard deviations (indicated by I bars) are shown for
each dose group after a single administration of CIS43LS (at week 0). The dose, route
(intravenous [IV] or subcutaneous [SC]), and number of participants are specified in the
key. Panel B shows the serum concentrations of CIS43LS across Parts A and B over time
for individual participants who underwent controlled human malaria infection. Controlled
infection in Part A had been planned for March 17, 2020, but was canceled. Participants
underwent controlled infection in Part B on October 20, 2020.
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A CIS43LS, 5 mg/kg

100

—
o

CIS43LS Concentration (ug/ml)

B CIS43LS, 20 mg/kg

0 40 mg/kg 0 40 mg/kg
0 20 mg/kg 0 20 mg/kg
5 mg/kg 5 mg/kg

100

—
o

CIS43LS Concentration (ug/ml)

100

—
o

Ll

CIS43LS Concentration (ug/ml)

Weeks

32 36

40

0 4 8 12 16 20 24 28 32 36 40 0 4 8 12 16 20 24 28 32 36 40
Weeks Weeks
C CIS43LS, 40 mg/kg D CiIs43LS, 10 mg/kg

0 40 mg/kg 5000 = 40 mg/kg
0 20 mg/kg = 20 mg/kg

5 k 10 k
mg/kg 1000 mg/kg

5 mg/kg

10

0 4 8 12 16 20 24 28 32 36 40
Weeks

Figure 3. Predictionsfor Serum Concentrations after Intravenous Administration of CIS43LS.
Panels A, B, and C show the predicted median serum concentrations of CIS43LS (solid

black lines) and 90% prediction intervals (5th to 95th percentiles [dashed black lines])
according to CIS43LS dose group. Values were calculated on the basis of Monte Carlo
simulations with the use of a population pharmacokinetic model. The dose groups reflect
administration of CIS43LS at 5 mg per kilogram of body weight (Panel A), 20 mg per

kilogram (Panel B), and 40 mg per kilogram (Panel C). Observed CIS43LS concentrations
(normalized for each of the respective doses) are overlayed for comparison (circles). Panel D
shows the predicted median CIS43LS concentration after a hypothetical intravenous dose of
10 mg per kilogram (dashed gray line) as compared with those of the other doses used in the
trial (solid lines).
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100

90+
80+
704
60+
504
40+
30
20+

CIS43LsS

P=0.001

Control

104

Participants free from Parasitemia (%)

0 T T T
0 5 10 15

Days after Controlled Infection

20

Figure 4. Parasitemia after Controlled Human Malaria I nfection.
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A Kaplan—-Meier analysis shows the time to parasitemia as measured by polymerase-chain-
reaction analysis. A log-rank test comparing parasitemia among the nine participants who
received CIS43LS with that among the six control participants yielded a P value of 0.001.
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