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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 pharmaco-
kinetics 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 subcuta-
neously or intravenously at one of three escalating dose levels. A subgroup of par-
ticipants from Part A continued to Part B, and some received a second CIS43LS
infusion. Additional participants were enrolled in Part B and received CIS43LS intra-
venously. To assess the protective efficacy of CIS43LS, some participants under-
went 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 re-
ceive 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 ma-
laria infection approximately 36 weeks later had no parasitemia, with serum con-
centrations of CIS43LS of 46 and 57 wg 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.)

N ENGL ) MED 385;9 NEJM.ORG AUGUST 26, 2021

The New England Journal of Medicine

The authors’ full names, academic de-
grees, and affiliations are listed in the
Appendix. Address reprint requests to Dr.
Seder at rseder@mail.nih.gov.

*The members of the VRC 612 Study
Team are listed in the Supplementary
Appendix, available at NEJM.org.

Ms. Berkowitz and Dr. Idris contributed
equally to this article.

This article was published on August 11,
2021, at NEJM.org.

N Engl ) Med 2021;385:803-14.
DOI: 10.1056/NEJMo0a2034031
Copyright © 2021 Massachusetts Medical Society.

at NEJM.org

803

Downloaded from nejm.org by TRACY RABIN on August 29, 2021. For personal use only. No other uses without permission.

Copyright © 2021 Massachusetts Medical Society. All rights reserved.



A Quick Take is

804

available at
NEJM.org

The NEW ENGLAND JOURNAL of MEDICINE

ALARIA IS A MOSQUITO-BORNE PARA-
sitic disease caused by Plasmodium falci-
parum that affects approximately 200 to
400 million people each year, resulting in nearly
400,000 annual deaths and disproportionately af-
fecting children in sub-Saharan Africa.! 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 stud-
ies involving children 5 to 17 months of age.>®
Given the health and economic burden attribut-
able to malaria, additional countermeasures are
needed to better control and possibly eliminate
this disease.”®
Antibodies can prevent malaria by neutraliz-
ing the infectious P. falciparum sporozoites in the
skin and blood before they can infect hepato-
cytes in the liver.”*! The P. falciparum circumsporo-
zoite protein is the most abundant P. 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.>*
The P. 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 P. falciparum cir-
cumsporozoite protein bind the immunodomi-
nant central NANP repeats,’®?! we previously
identified a new site of vulnerability that spans
the NPDP tetrapeptide and is located at the junc-
tion of the N-terminal and central repeat re-
gions. This site was defined with the use of
binding analyses of a new human monoclonal
antibody, CIS43,2> which was isolated from a
participant in a clinical trial who was immu-
nized with an attenuated P. falciparum whole-
sporozoite vaccine (Sanaria).?® CIS43 exhibited
preferential specificity for the junctional NPDP
epitope and was highly protective in several pre-
clinical mouse models of malaria infection.?
The junctional NPDP epitope was highly con-
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served in 99.9% of more than 6500 P. falciparum
field isolates analyzed.”? Before it was evaluated
in humans, CIS43 was modified to CIS43LS* 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.® 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 previ-
ously 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 vac-
cination. Full details of the inclusion and exclu-
sion criteria are provided in the protocol, avail-
able 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, Na-
tional Institutes of Health (NIH), at the NIH
Clinical Center. Controlled human malaria in-
fection 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 ap-
proved the trial protocol. All participants pro-
vided 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 au-
thors vouch for the accuracy of the data and
analyses and for the adherence of the trial to the
protocol.
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TRIAL PRODUCT
CIS43LS is a human IgG1 monoclonal antibody
that is derived from a Chinese hamster ovary
DG44 stably transfected clonal cell line.* It was
manufactured according to Current Good Man-
ufacturing 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 kilo-
gram. 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.

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 kilo-
gram. A single dose of 20 mg per kilogram was
similarly assessed in separate participants be-
fore a single dose of 40 mg per kilogram was
administered to a final group of participants.
Safety data included participant-reported solic-
ited 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 admin-
istration 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 condi-
tions 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 fore-
arm from Anopheles stephensi mosquitoes infected
with P. falciparum (3D7 strain). The mosquitoes
met standard infectivity criteria as previously de-
scribed.”® Outpatient monitoring was performed
by means of two telephone calls in the first 7 days
after infection challenge, followed by clinic vis-
its on days 7 through 18 and on day 21 to assess
for parasitemia with standard polymerase-chain-
reaction (PCR) methods.?® Parasitemia (i.e., ma-
laria infection) was defined as a single positive
PCR result. Participants were considered pro-
tected 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 para-
sitemia was confirmed or on day 21 if the par-
ticipant had not already been treated.

PHARMACOKINETICS
Serum concentrations of CIS43LS were quanti-
fied on the Meso Scale Discovery platform with
the use of a CIS43 anti-idiotype antibody* 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 max-
imum concentration C,.) and for the concen-
trations on day 7 and at weeks 4 and 24 were
calculated on the basis of observed data. Addi-
tional 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 ad-
verse 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 percent-
age of participants who had malaria infection.
The secondary efficacy analysis was performed
with the use of a log-rank test to compare the
time to parasitemia among participants who
received CIS43LS with that among control par-
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118 Participants were assessed for eligibility

78 Were excluded
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
4 Had other reasons

40 Were enrolled in Part A or Part B

29 Were enrolled in Part A at month 1

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

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

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

7 Were control participants and

4 Received 40 mg/kg of CIS43LS
did not receive CIS43LS

intravenously in Part B

1 Was lost to follow-up

39 Completed the trial according to protocol
and were included in the follow-up
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Figure 1 (facing page). 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 modi-
fied. Of the 18 participants enrolled in Part B, 15 under-
went controlled infection in month 10 (October 2020):

9 of these participants had received CIS43LS and 6 were
control participants.

ticipants. The salivary gland scores for the mos-
quitoes used in controlled infections are reported,
along with the median values and interquartile
ranges.

RESULTS

PARTICIPANTS

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 par-
ticipants between January 7 and March 2, 2020;
4 participants received CIS43LS intravenously at
a dose of 5 mg per kilogram, 4 received a sub-
cutaneous 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 kilo-
gram. 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 coro-
navirus disease 2019 (Covid-19). Participants in
Part A were followed for safety and pharmacoki-
netic 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 partici-
pants in Part B, 10 received CIS43LS in Part A,
Part B, or both, and 8 served as control partici-
pants. Among the 11 newly enrolled participants,
4 received 40 mg of CIS43LS intravenously, and
7 served as control participants. Among the 7 par-
ticipants from Part A who were re-enrolled, 4 re-
ceived 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 kilo-
gram intravenously in Part A underwent con-
trolled human malaria infection but did not re-
ceive an additional dose in Part B.

Controlled human malaria infection was ad-
ministered to 15 participants (9 who had re-
ceived 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 kilo-
gram 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.

SAFETY

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 CIS43LS only oc-
curred 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 cre-
atinine level (an increase of 1.2 to 1.4 mg per
deciliter [106 to 124 pmol per liter]) were as-
sessed 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 un-
scheduled hospital admission for treatment of a
perirectal abscess.

PHARMACOKINETIC ASSESSMENTS
CIS43LS displayed dose linearity, expected distri-
bution and elimination phases, and persistent
concentrations in serum over several months
(Figs. 2and S1). C__ occurred during the immedi-
ate postinfusion period among participants who
received CIS43LS intravenously. After subcutane-
ous injection, absorption continued to at least day
7,and C__ could not be fully calculated because
of Covid-19-related interruptions in sample col-
lection. The mean (£SD) C_ was 198.4£28.2 ug
per milliliter among participants who received
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Table 1. Maximum Local and Systemic Reactogenicity after Administration of CIS43LS According to Dose and Route
of Administration.*

5 mg/kg IV 5 mg/kg SC 20 mg/kg IV 40 mg/kg IV All Groups
Symptom and Severity (N=4) (N=4) (N=9)7} (N=12) (N=29)

number of participants (percent)

Local reactogenicity

Pain and tenderness

None 4 (100) 1(25) 7 (78) 10 (83) 22 (76)

Mild 0 3 (75) 2 (22) 2 (17) 7 (24)
Pruritus

None 4 (100) 4 (100) 9 (100) 12 (100) 29 (100)
Swelling

None 4 (100) 4 (100) 9 (100) 12 (100) 29 (100)
Redness

None 4 (100) 4 (100) 9 (100) 12 (100) 29 (100)
Bruising

None 4 (100) 4 (100) 9 (100) 11 (92) 28 (97)

Moderate 0 0 0 1(8) 1(3)
Any local symptom

None 4 (100) 1(25) 7 (78) 10 (83) 22 (76)

Mild 0 3 (75) 2 (22) 1(8) 6 (21)

Moderate 0 0 0 1(8) 1(3)
Systemic reactogenicity
Malaise

None 4 (100) 4 (100) 7 (78) 11 (92) 26 (90)

Mild 0 0 2 (22) 0 2(7)

Moderate 0 0 0 1(8) 1(3)
Muscle aches

None 4 (100) 2 (50) 8 (89) 10 (83) 24 (83)

Mild 0 2 (50) 1(11) 2 (17) 5(17)
Headache

None 3 (75) 3 (75) 7 (78) 9 (75) 22 (76)

Mild 0 1(25) 2 (22) 3 (25) 6 (21)

Moderate 1 (25) 0 0 0 1(3)
Chills

None 4 (100) 4 (100) 9 (100) 12 (100) 29 (100)
Nausea

None 3 (75) 4 (100) 8 (89) 12 (100) 27 (93)

Mild 0 0 1(11) 0 1(3)

Moderate 1(25) 0 0 0 1(3)
Joint pain

None 4 (100) 4 (100) 9 (100) 11 (92) 28 (97)

Mild 0 0 0 1(8) 1(3)

N ENGL ) MED 385;9 NEJM.ORG AUGUST 26, 2021

The New England Journal of Medicine

Downloaded from nejm.org by TRACY RABIN on August 29, 2021. For personal use only. No other uses without permission.

Copyright © 2021 Massachusetts Medical Society. All rights reserved.




A MONOCLONAL ANTIBODY FOR MALARIA PREVENTION

Table 1. (Continued.)
5 mg/kg IV 5 mg/kg SC 20 mg/kg IV 40 mg/kg IV All Groups
Symptom and Severity (N=4) (N=4) (N=9)} (N=12) (N=29)
number of participants (percent)
Elevated temperature
None 4 (100) 4 (100) 9 (100) 11 (92) 28 (97)
Mild 0 0 0 1(8) 1(3)
Any systemic symptom
None 3 (75) 1 (25) 5 (56) 6 (50) 15 (52)
Mild 0 3 (75) 4 (44) 5 (42) 12 (41)
Moderate 1 (25) 0 0 1(8) 2 (7)

* |V denotes intravenous, and SC subcutaneous.

7 Data are included for 4 participants who received a second dose of CIS43LS at 20 mg per kilogram of body weight in

Part B.

5 mg per kilogram intravenously, 934.6+292.6 ug
per milliliter among those who received 20 mg per
kilogram intravenously, and 1764.4+259.6 ug
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 ug
per milliliter and remained detectable to week
24 at 12.8+1.0, 43.5+14.9, and 96.8+23.8 ug per
milliliter.

Quantification data for serum CIS43LS con-
centrations were used to develop a population
pharmacokinetic model that was used for both
predictive modeling and estimation of CIS43LS
pharmacokinetic variables. According to the pop-
ulation pharmacokinetic model, the overall esti-
mate of CIS43LS clearance was 44.2 ml per deci-
liter (90% confidence interval [CI], 39.6 to 47.9),
the volume of distribution (V,) was 3.45 liters
(90% CI, 3.25 to 4.13), and the halflife (T,,;)
was 56 days (90% CI, 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 clear-
ance or volumes of distribution were seen. Experi-
mentally 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.

EFFICACY

None of the 9 participants who underwent con-
trolled human malaria infection and had received
CIS43LS had parasitemia through day 21, where-
as parasitemia developed in 5 of 6 control par-
ticipants 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 model?"*
(Fig. 4). All participants who underwent con-
trolled infection met prespecified malaria expo-
sure criteria at the time of the challenge, which
consisted of five qualifying bites from mosqui-
toes with a salivary gland score of 2 or greater
(scores range from O to 4, with higher scores
indicating more microscopically observed sporo-
zoites). The median salivary gland score was 3.2
(interquartile range, 2.6 to 3.2) in mosquitoes
that bit participants who had received CIS43LS
and 3.1 (interquartile range, 3.0 to 3.4) in mos-
quitoes that bit control participants (Table S3).
At the time of controlled infection, the serum
concentrations of CIS43LS ranged from approxi-
mately 50 to 500 g per milliliter among the
9 participants who had received CIS43LS. Two
participants who underwent controlled infection

N ENGL ) MED 385;9 NEJM.ORG AUGUST 26, 2021

The New England Journal of Medicine

Downloaded from nejm.org by TRACY RABIN on August 29, 2021. For personal use only. No other uses without permission.

Copyright © 2021 Massachusetts Medical Society. All rights reserved.

809



810

The NEW ENGLAND JOURNAL of MEDICINE

A Mean Serum Concentrations of CIS43LS for Part A

CIS43LS Dose Groups
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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 partici-
pants 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.

up to 36 weeks after administration of CIS43LS
had serum concentrations of approximately 50 ug
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 infec-

tion with a single administration, depending on
the length of time protection is required. Mono-
clonal 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 2.23! A clini-
cal study performed more than 50 years ago
showed that passive administration of gamma
globulin from malaria-immune adults to per-
sons with ongoing blood-stage infection lowered
the blood-stage parasitemia in these persons.*

N ENGL ) MED 38559

NEJM.ORG AUGUST 26, 2021

The New England Journal of Medicine
Downloaded from nejm.org by TRACY RABIN on August 29, 2021. For personal use only. No other uses without permission.
Copyright © 2021 Massachusetts Medical Society. All rights reserved.



A MONOCLONAL ANTIBODY FOR MALARIA PREVENTION
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Figure 3. Predictions for 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

Here, we present evidence in humans that ma-
laria can be prevented from 4 to 36 weeks after
a single administration of a monoclonal anti-
body 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 pro-
tection lasting for an extended period is a bene-
ficial feature of monoclonal antibodies in pre-
venting malaria. Given that the halflife of
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Figure 4. Parasitemia after Controlled Human Malaria Infection.

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.

812

CIS43LS was 56 days, longer than the average
21-day physiologic half-life of human IgG,*3*
CIS43LS displayed a pharmacokinetic profile
aligned with potential clinical use across a vari-
ety of settings.

A secondary objective in this trial was to de-
fine the CIS43LS serum concentration required
to mediate protection. Data from preclinical
studies in mice that used chimeric mouse Plas-
modium berghei parasites containing P. falciparum
circumsporozoite protein showed that a CIS43LS
serum concentration of approximately 400 ug
per milliliter would be required for complete
protection after infection through a mosquito
bite.?>?*3 We planned to achieve these levels us-
ing 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 intra-
venous 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 de-
lineate this protective concentration. Once known,

N ENGL ) MED 38559

the predictive pharmacokinetic model developed
with the data from this trial could then provide
the dose necessary to maintain serum concen-
trations above this threshold.

The controlled human infection model involv-
ing 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.””*® 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, an-
other clinical trial of CIS43LS involving adults in
Mali is under way to establish the safety, phar-
macokinetics, clinical feasibility, and proof of
principle for protective efficacy against persis-
tent exposure to diverse P. falciparum strains dur-
ing the 6-month rainy season (ClinicalTrials.gov
number, NCT04329104).

The limitations of this trial include its small
size and the fact that only intravenous adminis-
tration of CIS43LS was assessed because subcu-
taneous administration could not be evaluated. It
was intended that participants who received sub-
cutaneous CIS43LS in Part A of the trial would
undergo controlled infection, but this was post-
poned because of Covid-19 restrictions. Never-
theless, protection resulting from intravenous
administration, even in a small number of par-
ticipants, is an encouraging proof of concept
that passive administration of monoclonal anti-
bodies can prevent malaria after controlled in-
fection. Additional trials are needed to explore
the feasibility of the route of administration in
variable clinical settings across distinct popula-
tions. The data generated after a short intrave-
nous 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 obvi-
ate the need for daily chemoprophylaxis and
limit issues related to long-term adherence. An-
other 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.®

This trial provides two major advances in
malaria prevention. First, the fact that CIS43LS
targets the junctional region of the P. falciparum
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circumsporozoite protein supports the inclusion
of this site in next-generation vaccines.>*** Sec-
ond, the trial provides a potential path forward
for passive prevention against malaria. The ob-
servation 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 cam-
paigns. Future research may reveal new routes,
doses, and more potent monoclonal antibodies
and may allow expanded use of monoclonal anti-
bodies in vulnerable populations such as preg-
nant women and children in areas where malaria
is endemic.
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