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Abstract

CSL112 (apolipoprotein A-I [apoA-I, human]) is a novel drug in development to re-
duce the risk of recurrent cardiovascular events following acute myocardial infarction
by increasing cholesterol efflux capacity (CEC). This phase I study aimed to com-
pare the pharmacokinetics (PKs), pharmacodynamics (PDs), and safety of CSL112
in Japanese and White subjects. A total of 34 Japanese subjects were randomized to
receive a single infusion of CSL112 (2, 4, or 6 g) or placebo and 18 White subjects were
randomized to receive a single dose of 6 g CSL112 or placebo, followed by PK/PD as-
sessment and adverse events monitoring. In addition, PK/PD parameters were com-
pared across the CSL112 clinical development program. Plasma exposure of apoA-I
increased in a dose-dependent but nonlinear manner in Japanese subjects receiving
a single dose of CSL112. Mean baseline-corrected area under the curve from 0 to 72h
(AUC,_,) increased from 840 to 6490mg h/dl, in the 2 and 6 g cohorts, respectively,
followed by dose-dependent increase of CEC. The plasma PK profile of apoA-I and
increases in total and ATP binding cassette transporter Al dependent CEC were com-
parable in Japanese and White subjects. The geometric mean ratio (Japanese:White)
for plasma apoA-I AUC,,_,, and maximum plasma concentration (C,,,,) was 1.08 and
0.945, respectively. Cross-study comparison analysis demonstrated similar CSL112
exposure and CEC enhancement in Japanese and non-Japanese subjects (including
patients with cardiovascular disease) and further confirmed consistent PKs/PDs of
CSL112. This study suggests CSL112 acutely enhances CEC and is well-tolerated with
no differences between Japanese and White subjects.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THIS TOPIC?
Cholesterol efflux, mediated by apolipoprotein A-I (apoA-I), removes excess cho-
lesterol from atherosclerotic plaque and transports it to the liver for excretion;
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impaired cholesterol efflux is associated with higher cardiovascular (CV) event
rates. CSL112 (apoA-I, human) has been shown to enhance cholesterol efflux
capacity and is being investigated as a novel therapy to reduce the risk of early
recurrent CV events. Japanese ethnicity is known to confer differences in lipopro-
tein metabolism.

WHAT QUESTION DID THIS STUDY ADDRESS?

This ethno-bridging study characterized the pharmacokinetics (PKs), pharma-
codynamics, safety and tolerability of CSL112 in healthy Japanese subjects com-
pared with healthy White subjects to identify any ethnicity-based differences in
cholesterol efflux capacity (CEC) and safety issues and determine the appropriate
dose in Japanese subjects prior to inclusion in future or ongoing studies.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

Japanese ethnicity confers no clinically relevant difference in CSL112 exposure
and CEC compared to White populations and safety profiles were comparable
between populations. This study supports the inclusion of Japanese subjects in an
ongoing phase III study, investigating the impact of CSL112 on CV risk reduction
post-myocardial infarction, with no dose adjustment needed.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

This study contributes to the discussion around PK differences between ethnic
groups. It confirms similarity of apoA-I exposure and CEC responses in Japanese
and White populations, which warrants further investigation of this novel treat-

INTRODUCTION

Cardiovascular diseases (CVD) are the leading cause of
annual mortality globally,"* with recurrent myocardial
infarctions (MIs) representing about a quarter of all MIs,’
therefore placing an immense burden on healthcare sys-
tems. Data pooled from seven landmark trials in patients
with high-risk acute coronarysyndrome (ACS)showed that
after an MI, 8.3% of patients developed a recurrent major
adverse cardiovascular (CV) event (MACE, i.e., CV death,
non-fatal MI, or stroke) within 1year. Approximately 49%
of all events occurred within the first 90days; therefore,
this is considered a high risk period for recurrent MACE.*
Despite the incidence and mortality from CVD in Japan
being one of the lowest globally,5 CVD is the second lead-
ing cause of deaths (167.6 per 100,000 people) and acute
myocardial infarction (AMI) accounted for >33,500 deaths
in 2018.° In Japanese individuals, the mortality rate in the
first 30days following AMI ranges from ~10-18%,” and
patients with recurrent MI were shown to have double
the risk of all-cause mortality at 5years.® Cumulative in-
cidence of MACE after ACS in Japan was 6.4% and all-
cause mortality was 6.3% at 2-year follow-up.’ Overall, the
risk of recurrent CV events remains high despite existing
standard of care, thus representing an unmet clinical need
for individuals with CVD.%!°

Low levels of high-density lipoprotein cholesterol
(HDL-C) have been previously associated with increased

ment approach to reduce the risk of early recurrent CV events.

risk of atherosclerosis.'’"? However, large-scale clinical
trials aimed at raising HDL-C levels have not shown a re-
duced CV risk and as such have failed to demonstrate a
clinical benefit."*"'” The key atheroprotective mechanism
of HDL is its role in reverse cholesterol transport, specifi-
cally by removing excess cholesterol from atherosclerotic
plaques and transporting it to the liver for excretion.'®
A strong association between reduced cholesterol efflux
capacity (CEC) and greater risk for CV events has been
identified, independent of HDL-C levels.'**® Therefore,
new therapies targeting CEC, to potentially reduce plaque
burden and thus the risk of recurrent CV events, are being
investigated.

Apolipoprotein A-I (apoA-I) is the key functional protein
of HDL particles that mediates the cholesterol efflux from
atherosclerotic plaques via ATP binding cassette transporter
Al (ABCA1).?' A novel intravenous (i.v.) formulation,
CSL112, has been developed containing human plasma-
derived apoA-I formulated with phosphatidylcholine to
form disc-shaped HDL particles.* The ability of CSL112 to
promote CEC had previously been established both ex vivo
and in human subjects across several clinical trials.***> An
ongoing phase III trial (AEGIS-II, NCT03473223) is investi-
gating whether CSL112 can reduce the risk of MACE during
the high risk, post-AMI 90-day period.*

Factors, such as Japanese ethnicity, are known to con-
fer differences in lipoprotein metabolism; for example, in-
dividuals may have higher plasma levels of endogenous
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HDL-C than individuals in the United States.?’ Therefore,
the aim of this ethno-bridging phase I study was to char-
acterize the pharmacokinetics (PKs), pharmacodynam-
ics (PDs), safety, and tolerability of CSL112 in healthy
Japanese subjects compared with healthy White subjects
to identify any ethnicity-based safety issues and determine
the appropriate dose in Japanese subjects prior to inclu-
sion in future or ongoing studies.

METHODS
Ethics approval and consent

The clinical study protocol was approved by an independ-
ent ethics committee of the participating study site. The
study was carried out in accordance with the International
Council for Harmonization (ICH) Good Clinical Practice
(GCP) guidelines and written informed consent was ob-
tained from all subjects prior to initiation of the study.
This single-site study was conducted at Scientia Clinical
Research, New South Wales, Australia, between May and
September 2018.

Study design

This was a phase I, double-blind, randomized, placebo-
controlled, sequential dose cohort study in healthy
Japanese and White subjects. The primary end point of
the study was to characterize the PK properties of CSL112
after a single i.v. infusion in healthy Japanese subjects and
to compare these to healthy White subjects. Secondary end
points included evaluation of the safety and tolerability of
CSL112 after a single i.v. infusion and assessment of the
effects of CSL112 on CEC in these subjects. An additional
exploratory end point was to examine the effect of CSL112

Japanese
N=34

ASCPT

dose and exposure on lipid and lipoprotein biomarkers in
healthy Japanese participants.

Subjects were assigned to one of three dose cohorts
(2,4, or 6 g CSL112). Cohorts 1 and 2 comprised Japanese
participants randomized 3:1 to receive either single infu-
sion of CSL112 (2 or 4 g, respectively, N = 6 for each dose)
or placebo (N = 2 for each cohort). Cohort 3 comprised
Japanese and White subjects randomized 5:1 to receive ei-
ther a single infusion of 6 g CSL112 (N = 15) or placebo
(N = 3; Figure 1). White subjects were weight-matched to
+15% of the median weight of Japanese subjects in cohort
3. The study was divided into a screening period (days —21
to —2), followed by a 7-day mandatory in-house period,
and a 23-30-day serology follow-up period, including nu-
cleic acid testing for a virus panel and immunogenicity
assessments.

Study population

The study enrolled healthy, male or female subjects of
Japanese or White descent aged >20 to <55years. Subjects
with a body weight of >45 to <95kg and a body mass index
of >18.0 t0 <29.9 kg/m? that were determined to be healthy
and hemodynamically stable by a comprehensive clinical
assessment were included. Female subjects had to be post-
menopausal or have a negative urine pregnancy test be-
fore randomization and had to be willing to use a method
of contraception to avoid pregnancy during the study.
The key exclusion criteria are listed in the Supplementary
Materials.

Study product, dose, and administration

The active component of CSL112 is apoA-I purified
from human plasma.?* The lyophilized product was

Screened
N=107
Randomized
N=52

Screen Failures: n=49
Alternates: n=6

v
CSL112
N=27

2gCSL112,n=6
4gCSL112,n=6
6gCSL112,n=15

Completed
n=27

FIGURE 1 Study design overview.
N = number of subjects; n = subset of N.

White
N=18
) ]
v v v
Placebo csL112 Placebo
N=7 N=15 N=3
6gCSL112,n=15
Discontinued, n=2
- Withdrew for personal
reasons, n=1
- Lost to follow up, n=1
Completed Completed Completed
n=7 n=13 n=3




2334 |

ZHENG ET AL.

ASCPT

reconstituted with sterile water for injection and admin-
istered at a volume according to the assigned dose cohort
(2, 4, or 6 g). The placebo treatment was 25% albumin
solution diluted with 5% dextrose in water that was ad-
ministered at an equivalent volume to CSL112 accord-
ing to dose cohort. CSL112 or placebo was administered
as a single 2 h i.v. infusion into a suitable peripheral or
central vein.

Pharmacokinetics and
pharmacodynamics of apoA-I

ApoA-I concentration was assessed by an immunoneph-
elometric method run on Roche Modular P at a specialty
lipid laboratory (Pacific Biomarkers). Details of PK bio-
analyses have been described in detail previously.** The
PK profile of CSL112 was characterized by measuring
apoA-I plasma levels at given time points: on the day
of admission to the study unit (day —1), prior to study
product administration (to determine baseline endoge-
nous levels), and at set times after the start of infusion up
to 144h. Primary PK parameters, including area under
the concentration-time curve (AUC) from time 0 to 72h
(AUC,_7,), maximum concentration (C,,) up to 144h
after the start of CSL112 administration were calculated
as previously described.**

Pharmacodynamics  parameters were  derived
from serum CEC (total CEC, ABCAIl-dependent and
-independent) and were measured up to 144h after the
start of CSL112 administration. CEC assays were per-
formed in apolipoprotein B (apoB)-depleted serum sam-
ples using J774 macrophages as previously described.”**
For calculation of baseline-corrected parameters, baseline
values were based on concentration of analytes measured
prior to study drug administration (day 1).

Safety evaluation

Treatment-emergent adverse events (TEAEs) were
coded using Medical Dictionary for Regulatory Activities
(MedDRA, version 21). The severity of each TEAE was as-
sessed by the investigator. Adverse events (AEs) of spe-
cial interest included hypersensitivity, potential hepatic
injury, and acute kidney injury. Potential hepatic injury
was defined as elevated alanine aminotransferase (ALT)
or aspartate aminotransferase (AST) >3.0xupper limit
of normal (ULN) with concomitant elevated total biliru-
bin >2.0X ULN. Acute kidney injury was defined as any
increase in serum creatinine concentration >0.3 mg/dl
(26.5 pmol/L) from baseline during the mandatory in-
house period. Clinically significant changes in laboratory

tests or vital signs were recorded. Electrocardiogram val-
ues (including QT intervals, heart rate, QR intervals, and
QRS) and their changes from baseline were recorded and
categorized as normal; abnormal, not clinically signifi-
cant; and abnormal, clinically significant. The immuno-
genicity of CSL112 was determined by measurement of
serum antibodies to CSL112 and to apoA-L.

Statistical analysis

The study sample size was not based on power calcula-
tions for statistical hypothesis testing and descriptive
statistics were used to summarize the data. The baseline
value for all analyses was the last recorded value before
administration of study product.

Baseline-corrected apoA-I PK parameters were natural
log-transformed, and 90% confidence intervals (CIs) for
the mean differences in log-transformed AUC,,_,, and C,,,,
between Japanese and White subjects administered 6 g
CSL112 were constructed based on a t-distribution using a
pooled estimate of variance. The CIs were then exponen-
tiated to form 90% ClIs for the ratios for Japanese:White of
the geometric means in the original scale.

Dose-proportionality of apoA-I was evaluated in
Japanese subjects administered CSL112 using a power
model and baseline-corrected C,,, AUC,,q;, and AUC,,_,.
PK/PD parameters were derived by noncompartmental
analysis. SAS version 9.3 was used to perform all data
analyses.

Comparison with global clinical
trial studies

A cross-study comparison was conducted to compare
apoA-I PK parameters across five completed CSL112 clini-
cal trials: the single ascending dose (SAD) and multiple
ascending doses (MAD) phase I studies in healthy sub-
jects,”** a phase IIa study in subjects with stable athero-
thrombotic disease,”*® a phase IIb study in subjects with
AMI? and the above-mentioned phase I Japanese bridg-
ing study in healthy subjects. The dose-normalized and
baseline-corrected PK parameters (C,,, AUC, -,, and
AUC,,,) were compared by subgroups: healthy Japanese
subjects, healthy White subject, patients with athero-
thrombosis and patients with AMI. Similarly, another
cross-study comparison was conducted to compare dose-
normalized and baseline-corrected parameters of CEC re-
sponse (maximum response [R,,,,], area under the effect
curve [AUEC,_;,] and AUEC,, ) in healthy subjects from
the Japanese bridging study and the phase I SAD study>
and in subjects with AMI from the phase IIb study.”® The
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FIGURE 2 Mean baseline-corrected plasma concentration
of apoA-I (a) and total (b) and ABCA1l-dependent (c) CEC by
treatment cohort and ethnicity. Data are presented as arithmetic
mean and standard deviations. ABCA1, ATP binding cassette
transporter Al; CEC, cholesterol efflux capacity.

The geometric mean ratio (Japanese:White) for
baseline-corrected plasma apoA-I AUC,,_,, and C,,,, was
1.08 (90% CI: 0.99, 1.18) and 0.945 (90% CI: 0.90, 1.00),
respectively.

Pharmacodynamics

Rapid and robust dose-dependent increases in total and
ABCA1l-dependent CEC were observed after CSL112

administration in Japanese subjects (Figure 2b,c). The ef-
fect of 6 g CSL112 administration on total and ABCAI-
dependent CEC was similar for Japanese and White
subjects (Table S1). After 6 g infusion of CSL112, total
CEC was increased by a median of 2.74-fold in Japanese
and 2.92-fold in the White subjects, whereas ABCA1-
dependent CEC increased by a median of 7.29-fold in
Japanese and 8.36-fold in White subjects. Total and
ABCA1-dependent CEC peaked rapidly after CSL112 ad-
ministration, with a median T, ,, of ~2 h for all CSL112
doses. The total CEC then decreased and returned to base-
line by 24 h after administration of 2 g and over a longer
period after administration of 4 or 6 g CSL112, extending
to 96h. The ABCA1l-dependent CEC decreased and re-
turned to baseline by 8 or 24 h after administration of 2 or
4 g CSL112, respectively, and after 96h in the 6 g CSL112
cohort.

Dose-dependent increases for pre31-HDL, and for all
measures of HDL-C (total, unesterified, and esterified)
were observed after CSL112 administration in Japanese
subjects. The effects of 6 g CSL112 administration were
similar for Japanese and White subjects (data not shown).
CSL112 administration did not increase plasma concen-
trations of non-HDL-C, apoB, LDL-cholesterol, or tri-
glyceride in either Japanese or White subjects (data not
shown).

Safety

All subjects were treatment compliant and were admin-
istered the planned dose and were therefore included
in the safety analysis. There were no differences in the
frequency and type of TEAEs reported in Japanese sub-
jects receiving a single dose of 2, 4, or 6 g CSL112 or pla-
cebo. Overall, 22 (42.3%) of the 52 subjects enrolled in
the study had 37 TEAEs, including 16 subjects (38.1%)
who received CSL112 and six (60.0%) who received pla-
cebo. The most common reported AEs were infections,
upper respiratory tract infection (n = 8), and oropharyn-
geal pain (n = 5), none of which were related to study
treatment; an overview of the number of reported AEs
across each cohort is presented in Table 3. All TEAEs
were described to be mild or moderate in intensity and
only two White subjects had TEAEs related to study
treatment (4 TEAEs total), including mild hypersensi-
tivity that resolved without treatment. Hypersensitivity
(3 events in 3 subjects) was the only AE of special inter-
est reported during the study. All three instances were
nonserious events of rash, one of which was assessed
as related to study treatment and all of which resolved
without treatment. No serious AEs were reported dur-
ing the study and no subjects had acute kidney injury or
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TABLE 2 Baseline-corrected plasma PK parameters of CSL112
Cohort1 (2 g) Cohort 2 (4 g) Cohort 3 (6 g)
Japanese Japanese Japanese White
Mean (SD)’ (N=6) (N=6) =15 N=15)
C o (mg/dl) 42.3(7.45) 110 (7.66) 161 (15.4) 169 (14.7)
T ooy (D) 2.02 (2.00, 2.03) 2.00 (2.00, 2.00) 2.00 (2.00, 2.07) 2.00 (4.00, 2.00)
AUC,_,, (mg h/dl) 506 (164) 1469 (169) 2734 (269) 2620 (326)
AUC,_,, (mg h/dl) 840 (444) 3106 (775) 6490 (953) 6024 (859)
AUC,,, (mg h/dl) 737 (409) 4131 (1599) 9460 (1730) 8993 (1824)
ty, (h) 17.3 (10.7) 66.6 (60.2) 68.0 (15.7) 76.4 (26.1)
CL (L/h) 0.341 (0.306)* 0.135 (0.065)° 0.064 (0.010)° 0.062 (0.009)°
V, (L) 5.37 (0.369)* 4.83 (0.765)° 4.21 (0.260)° 4.07 (0.779)°

Abbreviations: AUC, area under the concentration-time curve; AUC,_;,, AUC from 0 to 72h; AUC,, AUC from 0 to the last quantifiable concentration;
CL, clearance; C,,,,, maximum concentration; h, hour; PK, pharmacokinetics; SD, standard deviation; t,,, terminal half-life; T,,,,,, time to reach maximum

concentration; V,, volume of distribution.

*Unless stated otherwise; median (minimum, maximum); *n = 5; bp = 3;n=4.

potential hepatic injury. The safety profile of 6 g CSL112
was comparable between Japanese and White subjects,
with no clinically significant changes in hepatic or renal
function. Mean and median ALT, AST, and serum cre-
atinine concentrations were similar in Japanese sub-
jects across the dose cohorts, and between Japanese and
White subjects administered 6 g CSL112 over time. No
subject had a serum ALT or AST concentration that met
protocol defined criteria for clinical significance (i.e.,
concentration >3.0 X ULN sustained for >24 h). Two sub-
jects had electrocardiogram values shift from normal at
baseline to abnormal during the in-house period; none
of these changes were clinically significant nor were
associated with any TEAEs. No subject developed anti-
apoA-I antibodies after CSL112 administration.

Comparison across CSL112 global
clinical trials

Cross-study comparison of the CSL112 PK characteris-
tics across the clinical development program confirmed
that the baseline-corrected, dose-normalized exposures
(Cpax @and AUC) of apoA-I were similar across four study
populations (Japanese healthy volunteers, White healthy
volunteers, patients with atherothrombotic disease, and
patients with AMI; Figure S1A).

Similarly, cross-study comparison of CSL112 PD
showed that dose-normalized baseline corrected CEC
(total and ABCA1-dependent CEC) was comparable be-
tween Japanese subjects, White subjects, and patients
with AMI (Figure S1B). In general, the similar distribution
range and pattern of PK and PD in those subpopulations

suggest no effect of ethnicity and health status on apoA-I
exposure and CEC. The correlation between apoA-I
concentration versus total or ABCAl-dependent CEC
stratified by ethnicity (i.e., Japanese vs. non-Japanese
population) is shown in Figure S2. Overall, these data
demonstrate that Japanese subjects treated with 6 g
CSL112 have similar CEC compared to non-Japanese sub-
jects from the global clinical program. Although within
the distribution of the overall cross study population, the
ABCA1l-dependent cholesterol efflux response in the
Japanese subgroups appears slightly lower (or “right
shifted”) compared to the rest of the population. This is in
large part due to the higher baseline apoA-I levels in this
study of healthy volunteers (both Japanese and White)
compared with the largest study in this comparison (i.e.,
phase IIb study in patients with AMI).*

Finally, infusion of 6 g CSL112 resulted in similar fold
elevation of apoA-I in Japanese and White subjects and
patients with AMI (median 2.08, 2.33, and 2.08-fold in-
crease, respectively). Total CEC is increased by a median
of 2.74, 2.92 and 2.55-fold in Japanese, White subjects,
and patients with AMI, respectively. Lastly, ABCA1-
dependent CEC increased by a median of 7.29-fold in
Japanese subjects, 8.36-fold in White subjects, and 3.84-
fold in patients with AMI (Figure S3). These results
demonstrate similar elevation of ABCAIl-dependent
cholesterol efflux capacity between White and Japanese
subjects, although the median values are lower in pa-
tients with AMI, likely due to assay variability when
comparing across studies. However, there is significant
overlap in the value range.

In summary, the cross-study comparison analysis
demonstrated similar exposure of CSL112 in Japanese
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TABLE 3 Adverse events overview

Total

Cohort 3 (6 g)

White

Cohort 3 (6 g)
Japanese

Cohort 2 (4 g)
Japanese

Cohort1 (2 g)
Japanese

Japanese

Placebo

N

CSL112

(N

Placebo

CSL112

Placebo

N

CSL112

N

Placebo

(0%

CSL112

N

Placebo

N

CSL112

7)

= 27)

3)

(0%

15)

(0%

6) 2) 15) 3)
4(66.7)

2)

1(50.0)
1 (50.0)

N=6)

Parameter, N (%)

7(25.9) 3(42.9)

3(100.0)
3(100.0)

0

10 (66.7)

0
0

2(13.3)

2 (100.0)
2 (100.0)

1(16.7)
1(16.7)

AEs

3(42.9)

7(25.9)

9 (60.0)
2(13.3)

2(13.3)

4(66.7)

TEAESs

Related TEAEs
TEAE:s of special interest

1(3.7)

1(33.3)

1(6.7)

0

1(16.7)

Hypersensitivity

Abbreviations: AE, adverse event; N, number of subjects; TEAESs, treatment-emergent adverse events.

and non-Japanese subjects (including patients with CVD)
and similar total and ABCA1l-dependent cholesterol ef-
flux response in Japanese and non-Japanese subjects at
all dose levels. These results also demonstrate that PKs
and PDs of CSL112 are similar between healthy Japanese
subjects and non-Japanese subjects from this and previ-
ous global studies.

DISCUSSION

This study investigated and compared the PK and PD
properties, safety, and tolerability of CSL112 in healthy
Japanese and White subjects. A single i.v. infusion
of CSL112 produced a dose-proportional increase in
plasma apoA-I in Japanese subjects and PK parameters
were similar between the Japanese and White cohorts.
These results are consistent with dose-dependent in-
creases in plasma exposure of apoA-I observed in other
completed clinical studies of CSL112 that enrolled pre-
dominantly White healthy subjects,”?* as well as in
non-Japanese patients with underlying CVD, such as
atherosclerosis.*

This study also assessed the effect of CSL112 on
CEC, the first step in reverse cholesterol transport.
The positive correlation between apoA-I concentra-
tion and total CEC in non-Japanese subjects has been
demonstrated in previous studies.?**® The current
study confirmed a consistent CEC response in healthy
Japanese and White subjects. The cross-study com-
parison analysis with the global cohort demonstrated
similar responses in Japanese and non-Japanese sub-
jects at all investigated dose levels. Importantly, the
degree of ABCAl-dependent CEC was increased to
a larger extent than total CEC, consistent with prior
data, demonstrating that infusion of CSL112 leads
to the formation of highly functional small, lipid
poor apoA-I, also known as prepl-HDL, which pref-
erentially increases ABCAl-dependent cholesterol
efflux.??

CSL112 was previously shown to be well-tolerated in
healthy subjects, those with underlying CVD, and pa-
tients with varying degrees of baseline renal function
ranging from normal to moderately impaired.***>%3!
The current study demonstrates a comparable safety pro-
file between Japanese and White subjects receivinga 6 g
CSL112 dose.

A fixed dose of 6 g CSL112 was selected as the
treatment dose with maximum efficacy for the global
phase III AEGIS-II trial based on previous PK/PD
model-based analysis that demonstrated a desired el-
evation in CEC, irrespective of body weight, sex, and
ethnicity.* In Japanese subjects, known differences
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in lipoprotein metabolism (i.e., higher plasma levels
of endogenous HDL-C than individuals in the United
States),?” do not appear to have an impact on CEC.
Moreover, ex vivo CEC has been found to correlate
with MACE end points independently of HDL-C lev-
els both in Japanese and non-Japanese patients.’>**
The key factor accounting for the higher HDL-C lev-
els in Japanese population is genetic mutation in cho-
lesteryl ester transfer protein (CETP) that regulates
HDL-C levels in plasma.?’*> CETP plays a pivotal role
in transfer of cholesteryl ester from HDL to apoB con-
taining LDL particles and thus does not affect ABCA-1
dependent CEC.*”*® Furthermore, ethnic differences
in PKs are often a consequence of genetic differences
in hepatic cytochrome P450 (CYP450)-mediated drug
metabolism.”” CSL112 is a macromolecular complex
and as such does not enter cells and is not metabo-
lized by the intracellularly located CYP450 enzymes.
Consequently, this study confirmed the expected
safety and dosing regimen for CSL112 in Japanese sub-
jects with no adjustments needed.

The potential limitations of this study include a rela-
tively small sample size and that this was a single dose
study while the regimen that is being evaluated in the
phase III outcomes trial is a multiple dose regimen.
However, the sample size was deemed sufficient to as-
sess the PKs/PDs of CSL112, and importantly the re-
ported findings were consistent with previously published
studies assessing CSL112 across different populations. It
remains unclear whether factors other than CEC are asso-
ciated with MACE end points in the Japanese population.
Furthermore, slight regional variations in the standard of
care for patients with CVD may also influence the final
results.*®

Despite regional and ethnic differences, the rate of re-
current MACE in patients suffering from an AMI remains
high.*” This unmet medical need exists also in post-MI
population of Japanese patients. Data from this ethno-
bridging study demonstrate that administration of CSL112
increases CEC in Japanese subjects, similarly to that ob-
served in other populations. Future studies should focus
on exploring the potential benefit of CSL112 to reduce the
risk of recurrent CV outcomes in the high risk 90-day pe-
riod. The findings of this phase I study thus support the
inclusion of Japanese subjects in an ongoing phase III
study, AEGIS-II, investigating the impact of CSL112 on
CV risk reduction post-MI.

AUTHOR CONTRIBUTIONS

All authors wrote the manuscript. B.Z., S.G., R.C., I.F,,
P.D., J.A,, and M.T. designed the research. S.G., R.C,,
D.D., P.D., J.A,, and C.M.G. performed the research. B.Z.,
S.G.,R.C,,J.F,D.D.,J.A,, M.T., and J.R. analyzed the data.

ASCPT

ACKNOWLEDGEMENTS

Medical writing assistance was provided by Meridian
HealthComms Ltd., Plumley, UK, in accordance with
Good Publication Practice (GPP3) guidelines, funded by
CSL Behring.

FUNDING
This trial was supported by CSL Behring.

CONFLICT OF INTEREST

R.C,, I.LF.,, D.D,, P.D,, and J.R., are employees of CSL
Behring. B.Z., J.A., and M.T. were employees of CSL
Behring at the time of writing this manuscript. C.M.G.
and S.K. have received research support and consultancy
fees from CSL Behring. S.G. received a grant-in-aid for
MEXT/JSPS KAKENHI 19H03661, AMED grant number
A368TS, A447TR, Bristol-Myers Squibb for independ-
ent research support project (33999603) a grant from
Nakatani Foundation for Advancement of Measuring
Technologies in Biomedical Engineering, and Vehicle
Racing Commemorative Foundation (6236). S.G. also
discloses modest grant support from Sanofi, Pfizer,
Bristol Myer Squibb, and Ono Pharma, clinical trial ex-
ecutive committee fees from Janssen, and clinical trial
steering committee member fees and consultant fees
from Anthos.

TRIAL REGISTRATION NUMBER

Australian New Zealand Clinical Trials Registry:
ACTRN1261800080527.

ORCID

Shinya Goto @ https://orcid.org/0000-0002-6821-1504

REFERENCES

1. Thomas H, Diamond J, Vieco A, et al. Global atlas of cardiovas-
cular disease 2000-2016: The path to prevention and control.
Glob Heart. 2018;13(3):143-163.

2. GBD2019DiseasesandInjuriesCollaborators.Globalburden
of 369 diseases and injuries in 204 countries and territories,
1990-2019: a systematic analysis for the Global Burden of
Disease Study 2019. Lancet. 2020;396(10258):1204-1222.

3. Virani SS, Alonso A, Aparicio HJ, et al. Heart disease and stroke
statistics — 2021 update: a report from the American Heart
Association. Circulation. 2021;143(8):e254-e743.

4. Chi G, Lee JJ, Kazmi SHA, et al. Early and late recurrent cardio-
vascular risk in patients with recent acute coronary syndrome —
meta-analysis and implication in trial design. J Am Coll Cardiol.
2021;77(18 Suppl):137.

5. OECD/World Health Organization. Mortality from cardio-
vascular disease. In: Health at a Glance: Asia/Pacific 2018:
Measuring Progress Towards Universal Health Coverage. OECD
Publishing; 2018:42-43.

6. Statistics Bureau. Japan Statisitical Yearbook, 2021. Chapter 24:
Health and Sanitation. 10. Deaths and death rates by leading


https://orcid.org/0000-0002-6821-1504
https://orcid.org/0000-0002-6821-1504

2340 |

ZHENG ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ASCPT
causes of death. Accessed May 20, 2021. https://www.stat.
go.jp/english/data/nenkan/70nenkan/index.html.
Yasuda S, Nakao K, Nishimura K, et al. The current status of
cardiovascular medicine in Japan - analysis of a large num-
ber of health records from a nationwide claim-based database
JROAD-DPC. CircJ. 2016;80(11):2327-2335.
Nakatani D, Sakata Y, Suna S, et al. Incidence, predictors, and
subsequent mortality risk of recurrent myocardial infarction in
patients following discharge for acute myocardial infarction.
Circ J. 2013;77(2):439-446.
Daida H, Miyauchi K, Ogawa H, et al. Management and two-
year long-term clinical outcome of acute coronary syndrome
in Japan; prevention of atherothrombotic incidents follow-
ing ischemic coronary attack (PACIFIC) Registry. Circ J.
2013;77(4):934-943.
Steg PG, Bhatt DL, Wilson PW, et al. One-year cardiovascu-
lar event rates in outpatients with atherothrombosis. JAMA.
2007;297(11):1197-1206.
Di Angelantonio E, Sarwar N, Perry P, et al. Major lip-
ids, apolipoproteins, and risk of vascular disease. JAMA.
2009;302(18):1993-2000.
Lewington S, Whitlock G, Clarke R, et al. Blood cho-
lesterol and vascular mortality by age, sex, and blood
pressure: a meta-analysis of individual data from 61 pro-
spective studies with 55,000 vascular deaths. Lancet.
2007;370(9602):1829-1839.
Frick MH, Elo O, Haapa K, et al. Helsinki Heart Study: primary-
prevention trial with gemfibrozil in middle-aged men with dys-
lipidemia. N Engl J Med. 1987;317(20):1237-1245.
Schwartz GG, Olsson AG, Abt M, et al. Effects of dalcetrapib in
patients with a recent acute coronary syndrome. N Engl J Med.
2012;367(22):2089-2099.
Boden WE, Probstfield JL, Anderson T, et al. Niacin in patients
with low HDL cholesterol levels receiving intensive statin ther-
apy. N Engl J Med. 2011;365(24):2255-2267.
Bowman L, Hopewell JC, Chen F, et al. Effects of anacetrapib
in patients with atherosclerotic vascular disease. N Engl J Med.
2017;377(13):1217-1227.
Landray MJ, Haynes R, Hopewell JC, et al. Effects of extended-
release niacin with laropiprant in high-risk patients. N Engl J
Med. 2014;371(3):203-212.
Tziomalos K. High-density lipoprotein: quantity or quality? J
Thorac Dis. 2016;8(11):2975-2977.
Lee JJ, Chi G, Fitzgerald C, et al. Association of cholesterol ef-
flux capacity with adverse cardiovascular outcomes - a meta-
analysis. J Am Coll Cardiol. 2021;77(18 Suppl):1486.
Qiu C, Zhao X, Zhou Q, Zhang Z. High-density lipoprotein cho-
lesterol efflux capacity is inversely associated with cardiovascu-
lar risk: a systematic review and meta-analysis. Lipids Health
Dis. 2017;16(1):212.
Rosenson RS, Brewer HB Jr, Davidson WS, et al. Cholesterol
efflux and atheroprotection: advancing the concept of
reverse cholesterol transport. Circulation. 2012;125(15):
1905-1919.
Diditchenko S, Gille A, Pragst I, et al. Novel formulation of a
reconstituted high-density lipoprotein (CSL112) dramatically
enhances ABCAl-dependent cholesterol efflux. Arterioscler
Thromb Vasc Biol. 2013;33(9):2202-2211.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Gille A, Easton R, D'Andrea D, Wright SD, Shear CL. CSL112
enhances biomarkers of reverse cholesterol transport after
single and multiple infusions in healthy subjects. Arterioscler
Thromb Vasc Biol. 2014;34(9):2106-2114.

Easton R, Gille A, D'Andrea D, Davis R, Wright SD, Shear C. A
multiple ascending dose study of CSL112, an infused formula-
tion of ApoA-I.J Clin Pharmacol. 2014;54(3):301-310.

Tricoci P, D'Andrea DM, Gurbel PA, et al. Infusion of reconsti-
tuted high-density lipoprotein, CSL112, in patients with athero-
sclerosis: safety and pharmacokinetic results from a phase 2a
randomized clinical trial. J Am Heart Assoc. 2015;4(8):e002171.
Gibson CM, Kastelein JJP, Phillips AT, et al. Rationale and
design of ApoA-I Event Reducing in Ischemic Syndromes II
(AEGIS-II): a phase 3, multicenter, double-blind, randomized,
placebo-controlled, parallel-group study to investigate the effi-
cacy and safety of CSL112 in subjects after acute myocardial
infarction. Am Heart J. 2021;231:121-127.

NaganoM, Yamashita S, Hirano K, et al. Molecular mechanisms
of cholesteryl ester transfer protein deficiency in Japanese. J
Atheroscler Thromb. 2004;11(3):110-121.

Gille A, D'Andrea D, Tortorici MA, Hartel G, Wright SD. CSL112
(apolipoprotein A-I [human]) enhances cholesterol efflux sim-
ilarly in healthy individuals and stable atherosclerotic disease
patients. Arterioscler Thromb Vasc Biol. 2018;38(4):953-963.
Gibson CM, Korjian S, Tricoci P, et al. Safety and tolerability
of CSL112, a reconstituted, infusible, plasma-derived apolipo-
protein A-I, after acute myocardial infarction: the AEGIS-I trial
(ApoA-I event reducing in ischemic syndromes I). Circulation.
2016;134(24):1918-1930.

Tortorici MA, Duffy D, Evans R, et al. Pharmacokinetics and
safety of CSL112 (apolipoprotein A-I [human]) in adults with
moderate renal impairment and normal renal function. Clin
Pharmacol Drug Dev. 2019;8(5):628-636.

Gibson CM, Kerneis M, Yee MK, et al. The CSL112-2001 trial:
Safety and tolerability of multiple doses of CSL112 (apolipo-
protein A-I [human]), an intravenous formulation of plasma-
derived apolipoprotein A-I, among subjects with moderate
renal impairment after acute myocardial infarction. Am Heart
J. 2019;208:81-90.

Zheng B, Duffy D, Tricoci P, et al. Pharmacometric analyses to
characterize the effect of CSL112 on apolipoprotein A-I and
cholesterol efflux capacity in acute myocardial infarction pa-
tients. BrJ Clin Pharmacol. 2021;87(6):2558-2571.

Ishikawa T, Ayaori M, Uto-Kondo H, Nakajima T, Mutoh M,
Ikewaki K. High-density lipoprotein cholesterol efflux capac-
ity as a relevant predictor of atherosclerotic coronary disease.
Atherosclerosis. 2015;242(1):318-322.

Khera AV, Cuchel M, de la Llera-Moya M, et al. Cholesterol ef-
flux capacity, high-density lipoprotein function, and atheroscle-
rosis. N Engl J Med. 2011;364(2):127-135.

Yokoyama S. Unique features of high-density lipoproteins in
the Japanese: in population and in genetic factors. Nutrients.
2015;7(4):2359-2381.

Matsuura F, Wang N, Chen W, Jiang XC, Tall AR. HDL
from CETP-deficient subjects shows enhanced abil-
ity to promote cholesterol efflux from macrophages in
an apoE- and ABCG1l-dependent pathway. J Clin Invest.
2006;116(5):1435-1442.


https://www.stat.go.jp/english/data/nenkan/70nenkan/index.html
https://www.stat.go.jp/english/data/nenkan/70nenkan/index.html

CSL112 PHASE I STUDY IN JAPANESE SUBJECTS

| 2341

37. McGraw J, Waller D. Cytochrome P450 variations in dif-
ferent ethnic populations. Expert Opin Drug Metab Toxicol.
2012;8(3):371-382.

38. Goto S. Global trial or local one? Circulation. 2019;140(23):
1878-1880.

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

ASCPT

How to cite this article: Zheng B, Goto S,
Clementi R, et al. Effect of CSL112 (apolipoprotein
A-I [human]) on cholesterol efflux capacity in
Japanese subjects: Findings from a phase I study
and a cross-study comparison. Clin Transl Sci.
2022;15:2331-2341. doi:10.1111/cts.13361



https://doi.org/10.1111/cts.13361

	Effect of CSL112 (apolipoprotein A-­I [human]) on cholesterol efflux capacity in Japanese subjects: Findings from a phase I study and a cross-­study comparison
	Abstract
	INTRODUCTION
	METHODS
	Ethics approval and consent
	Study design
	Study population
	Study product, dose, and administration
	Pharmacokinetics and pharmacodynamics of apoA-­I
	Safety evaluation
	Statistical analysis
	Comparison with global clinical trial studies

	RESULTS
	Study population
	Pharmacokinetics
	Pharmacodynamics
	Safety
	Comparison across CSL112 global clinical trials

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING
	CONFLICT OF INTEREST
	TRIAL REGISTRATION NUMBER
	REFERENCES


