CSL112 (Apolipoprotein A-I [Human]) Enhances Cholesterol
Efflux Similarly in Healthy Individuals and Stable
Atherosclerotic Disease Patients
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Objective—CSL112 (apolipoprotein A-I [apoA-I; human]) is a novel formulation of apoA-I in development for reduction of
early recurrent cardiovascular events after acute myocardial infarction. Cholesterol efflux capacity (CEC) is a marker of
high-density lipoprotein (HDL) function that is strongly correlated with incident cardiovascular disease. Impaired CEC
has been observed in patients with coronary heart disease. Here, we determined whether infused apoA-I improves CEC
when administered to patients with stable atherosclerotic disease versus healthy volunteers.

Approach and Results—Measurements of apoA-I, HDL unesterified cholesterol, HDL esterified cholesterol, pre—31-HDL,
and CEC were determined in samples from patients with stable atherosclerotic disease before and after intravenous
administration of CSL112. These measures were compared with 2 prior studies in healthy volunteers for differences in
CEC at baseline and after CSL112 infusion. Patients with stable atherosclerotic disease exhibited significantly lower ATP-
binding cassette transporter 1-mediated CEC at baseline (P<0.0001) despite slightly higher apoA-I levels when compared
with healthy individuals (2 phase 1 studies pooled; P<0.05), suggesting impaired HDL function. However, no differences
were observed in apoA-I pharmacokinetics or in pre—31-HDL (P=0.5) or CEC (P=0.1) after infusion of CSL112. Similar
elevation in CEC was observed in patients with low or high baseline HDL function (based on tertiles of apoA-I-normalized
CEC; P=0.1242). These observations were extended and confirmed using cholesterol esterification as an additional measure.

Conclusions—CSL112 shows comparable, strong, and immediate effects on CEC despite underlying cardiovascular
disease. CSL112 is, therefore, a promising novel therapy for lowering the burden of atherosclerosis and reducing the risk

of recurrent cardiovascular events.

Visual Overview—An online visual overview is available for this article. (Arterioscler Thromb Vasc Biol. 2018;38:

953-963. DOI: 10.1161/ATVBAHA.118.310538.)
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Despite advances in treatment of acute myocardial infarc-
tion (AMI), patients experience a high risk of reinfarc-
tion and cardiovascular death in the weeks immediately after
the index event. For example, data from the Plato trial show
that approximately half of the new major adverse cardiovas-
cular events in the year after AMI occur in the first month.!
At least half of these events occur in nonculprit arteries,” pre-
sumably through the rupture or erosion of the diffuse plaque
that characterizes coronary atherosclerosis. Thus, a systemic
reduction of plaque burden may offer an attractive means of
reducing risk.

Cholesterol is known to be removed from the lipid-rich
atherosclerotic plaque and transported to the liver by the
action of apolipoprotein A-I (apoA-I), the primary functional
component of high-density lipoprotein (HDL). The first step
in this process is the efflux of cholesterol from plaque macro-
phages to lipid-poor apoA-I. Consistent with this notion, the

risk of symptomatic coronary heart disease (CHD) in large
patient cohorts is strongly predicted by ex vivo measures of
cholesterol efflux capacity (CEC) of plasma,** see Brownell
and Rohatgi’ 2016 for review. It has been hypothesized that
agents that act to increase CEC should promote removal of
cholesterol from plaque, reduce plaque burden, and poten-
tially reduce the risk of CHD events. This has been referred to
as the cholesterol efflux hypothesis.®

CSL112 (apoA-I [human]) is plasma-derived apoA-I
reconstituted into disk-shaped lipoproteins with phosphati-
dylcholine.’ Prior work has shown that infusion of CSL112
causes a robust elevation of CEC,'*'? and an ongoing develop-
ment program will test the ability of this agent to reduce the
risk of early recurrent cardiovascular events in patients with
AMI, thereby testing the cholesterol efflux hypothesis.

Data from healthy individuals indicate that infusion
of CSL112 causes a strong and rapid elevation in CEC."
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Nonstandard Abbreviations and Acronyms

1w once weekly

2W twice weekly

ABCA1 ATP-binding cassette transporter 1
AMI acute myocardial infarction

ApoA-I apolipoprotein A-I
ApoB apolipoprotein B

AUC area under the curve
AUEC area under the effect curve
CEC cholesterol efflux capacity
CHD coronary heart disease
HDL high-density lipoprotein

HDL-C high-density lipoprotein cholesterol
HDL-EC high-density lipoprotein esterified cholesterol

HDL-UC high-density lipoprotein unesterified cholesterol
MAD multiple ascending dose
SAD single ascending dose

Nevertheless, patients with cardiovascular disease present
a unique challenge. Published work suggests that the clear-
ance of endogenous apoA-I may be accelerated in patients
with risk factors for CHD.!* More importantly, several authors
have reported that the HDL from patients with CHD may have
impaired functionality and have further speculated that the
physiological status of these patients may alter the HDL to
render it less functional or even dysfunctional.* For example,
HDL purified from patients with stable atherosclerotic disease
exhibits lower CEC than that from healthy subjects even after
normalization for protein or cholesterol content.’>!® Recent
work using both animal and human subjects suggests that
the function of HDL may be impaired by the action of serum
amyloid A, an HDL-associated serum protein that is upregu-
lated in acute coronary syndrome, CHD, and any condition
that provokes a hepatic acute phase response.'”!® It is thus pos-
sible that the amount or functional activity of CSL112 might
be altered in patients with cardiovascular disease.

Here, we report the pharmacokinetics and pharmacody-
namics of CSL112 in patients with stable atherosclerotic dis-
ease and compare these data with findings from prior work
with healthy volunteers without evidence of CHD.

Materials and Methods

Study Design

The study designs of the phase 1 single (NCT01129661) and phase
1 multiple (NCT01281774) ascending dose (SAD and MAD) studies
have been described in Easton et al'” and Gille et al'® and the phase 2a
(NCT01499420) in Tricoci et al.'?

The SAD study was a randomized, double-blind, placebo-con-
trolled investigation performed at Royal Adelaide Hospital, Adelaide,
Australia. The MAD study was a randomized, placebo-controlled,
sponsor-unblinded study performed at Q-Pharm, Brisbane, Australia.
The phase 2a study was a randomized, double-blind, placebo-con-
trolled, multicenter study performed at 10 sites in the United States.

The primary objective of all 3 studies was to evaluate the safety
and tolerability of escalating doses of CSL112 after single or multiple
intravenous infusions, together with an evaluation of the pharmaco-
kinetics of apoA-I after single and multiple intravenous infusions of
CSL112, and the pharmacodynamics effects linked to CSL112.

Inclusion and Exclusion Criteria

The main inclusion criteria in the phase 1 studies were male or female
healthy subjects aged 18 to <55 years, weighing at least 45 kg in
the SAD study and 50 kg in the MAD study, capable of understand-
ing the purposes and risks of the study, and able to provide written
informed consent. Subjects were excluded from the studies if they
had significant medical conditions, any clinically relevant abnormal
laboratory values, history of coagulopathy, hypotension, evidence of
renal impairment, evidence of substance or alcohol abuse, or were
unable to comply with the study protocol.

In the phase 2a study, subjects were male or female aged 18 to <80
years weighing at least 50 kg. Subjects had to have a history of ath-
erosclerotic coronary artery disease/surgical revascularization (prior
AMI, percutaneous coronary intervention, or coronary artery bypass
graft surgery) or prior percutaneous or surgical peripheral revascular-
ization procedure. One month or longer must have elapsed between
a subject’s randomization and any acute event, revascularization pro-
cedure, or hospitalization for chest pain. Subjects were required to be
on dual antiplatelet medication, including 75-325 mg/d aspirin and a
P2Y 12 inhibitor (75 mg/d clopidogrel or 10 mg/d prasugrel). In addi-
tion, subjects were stratified in equal proportions to have normal renal
function (creatinine clearance 290 mL/min) or mild renal impairment
(creatinine clearance 260 and <90 mL/min).

Subjects in all 3 studies provided written informed consent before
any study-specific assessments were performed. The studies were
conducted in accordance with standards of Good Clinical Practice,
as defined by the International Conference on Harmonization, the
principles outlined in the Declaration of Helsinki, and all applicable
national and local regulations.

Randomization

In all 3 studies, subjects were randomized to receive either CSL112 or
placebo in the approximate ratio of 3:1 (CSL112:placebo).

Study Product, Dose, and Administration

CSL112 is apoA-I purified from human plasma and reconstituted
with phosphatidylcholine to form lipoprotein particles suitable for
intravenous infusion. It is similar in size, structure, and function to
nascent HDL particles.’ Lyophilized CSL112 presented in glass vials
was dissolved in sterile water for injection and dosed based on the
protein content. In all 3 studies, the placebo comprised 0.9% sodium
chloride solution for injection. CSL112 or placebo was administered
intravenously via a 2-hour infusion. The study product was physically
masked to maintain blinding. Unblinded site personnel prepared and
administered the study product.

In the SAD study, subjects were stratified by body weight and
received either placebo or 1 of 6 different CSL112 doses: 5, 15, 40,
70, 105, and 135 mg/kg. In the MAD study, subjects received placebo
or CSL112 either once weekly (1 W) or twice weekly (2 W) for 4
weeks: 3.4 gor 6.8 g 1 W CSL112 or placebo (a total of 4 infusions);
3.4 g2 W CSL112 or placebo (a total of 8 infusions). In the phase 2a
study, subjects received placebo or 1.7, 3.4, or 6.8 g CSL112.

ApoA-I Pharmacokinetic Assessment
ApoA-1 was assessed at a specialty lipid laboratory (Pacific
Biomarkers, Seattle, WA) by an immunonephelometric method run
on Roche Modular P. Blood samples for pharmacokinetics assessment
were collected at time points selected to capture the peak and expected
decline in apoA-I plasma concentration. The pharmacokinetics sam-
ples in the SAD study were collected on days 1 to 4, 6, 8, and 11. In the
MAD study, blood samples for pharmacokinetics analysis were taken
ondays 1 to 4,6, 8,9, 15, 21 to 25, and 27 for 1 W dosing groups and
ondays 1to4, 8,11, 15, 18, 22, and 25 to 28 for the 2 W dosing group.
In the phase 2a study, blood samples for pharmacokinetics analysis
were taken on days 1 to 7. Validation of pharmacokinetics bioanalysis
has been described in detail."

Pharmacokinetics parameters for baseline-corrected plasma
concentrations of apoA-I were determined after single and multiple
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intravenous infusions of CSL.112 and included area under the plasma
concentration time curve from time point zero (before dosing) to the
last time point above baseline (AUC, ), maximum plasma concen-
tration, and half-life.

To compare the pharmacokinetics across the studies, a pooled
population pharmacokinetics analysis was conducted using nonlinear
mixed effects modeling software (NONMEM, version 7.2). A 2-com-
partment intravenous model parametrized in terms of elimination
clearance, central volume of distribution (Vc), intercompartmental
clearance (Q), peripheral volume of distribution (Vp), and baseline
apoA-I serum concentration. Random effects were assumed to be dis-
tributed normally with mean O and variance ’. Residual error was
included as an additive and proportional error model. Covariates were
tested in the model using a stepwise forward addition and backward
elimination approach. Covariates that were tested included body
weight, age, sex, creatinine clearance, dose amount, and study popu-
lation (healthy subjects versus patients with stable atherosclerotic dis-
ease). Covariates were determined to be statistically significant in the
model fit as estimated by the likelihood ratio test. The objective func-
tion value in NONMEM is equal to -2 log likelihood, thus the likeli-
hood ratio test (the test statistic is a > distribution) of 2 nested models
with or without a covariate was constructed based on the difference
in objective function value between 2 models. The significance level
for the forward addition approach was determined with a decrease of
3.84 (P<0.05; df=1) while the significance level of backward dele-
tion step was assessed on the level of an increase in objective func-
tion value of 10.83 (P<0.001; df=1). Models were evaluated using
standard diagnostic plots and evaluation of residuals versus model
predictions and over time.

0-last

Pharmacodynamic Biomarkers

The following biomarkers were assessed in the SAD, MAD, and
phase 2a studies: apoA-I, ATP-binding cassette transporter 1
(ABCA1)—dependent, ABCA1-independent, and total CEC, pre—{31-
HDL, apolipoprotein B (apoB), triglycerides, total cholesterol, and
HDL cholesterol (HDL-C). HDL unesterified cholesterol (HDL-UC)
and HDL esterified cholesterol (HDL-EC) were measured in the SAD
and phase 2a studies only.

Cholesterol efflux assays were performed in apoB-depleted
serum samples using J774 macrophages at Vascular Strategies LLC,
Plymouth Meeting, PA, as previously described.” All other pharma-
codynamics biomarkers were assessed in plasma samples at Pacific
Biomarkers. Pre-31-HDL was preserved by 21-fold dilution in 50%
sucrose before freezing and measured by ELISA (Sekisui Medical
Co, Tokyo, Japan). HDL was separated by the polyethylene glycol
precipitation method. All cholesterol and triglycerides were mea-
sured by standard enzymatic methods. Validation of pharmacody-
namics assays was conducted ahead of the assessment of clinical
samples to ensure accuracy of reported concentrations and activities
in the presence of CSL112."°

In the studies, no food was provided for 8 hours before and
after dosing, and all data shown were obtained in fasting samples.
During the SAD study, blood samples for assessing total cholesterol,
HDL-UC, HDL-EC, apoB, and triglycerides were collected at 0 hour
(before infusion), 1, 2, 4, 8, 24, 48, 72, and 168 hours. Pre—31-HDL
and CEC were assessed in blood samples taken (at O hour [before
infusion], 2, 8, 24, 48, 72, and 168 hours]. In the MAD study, apoB
samples were taken at the same time points irrespective of 1 W or
2 W dosing, that is, before dosing on days 1, 8, 15, 22, and on day
28. Samples for measurement of CEC and pre—31-HDL were taken
on day 1 (before dosing, at 2, 4, and 8 hours), day 2, day 22 (before
dosing and 2, 4, and 8 hours), and day 23 in the 1 W dosing groups.
For the 2 W dosing group, these samples were collected on day 1
(before dosing and at 2, 4, and 8 hours), day 2, day 25 (before dos-
ing and 2, 4, and 8 hours), and day 26. In the phase 2a study, blood
samples for assessing total cholesterol, HDL-UC, HDL-EC, apoB,
and triglycerides were collected at 0 hour (before infusion), 2, 4, 8,
24,48, 72, 96, and 144 hours. Pre-31-HDL and CEC were assessed
in blood samples taken at 0 hour (before infusion), 2, 4, 8, 24, 48,
and 72 hours.
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Pharmacodynamic Parameters

Pharmacodynamic parameters were calculated from biomarker con-

centrations and activities. The following pharmacodynamic param-

eters were assessed: area under the effect curve for time point zero to

the time point of the last quantifiable concentration/activity (AUEC,
), maximum biomarker concentration/activity (R ), and time to

last max

reach maximum concentration/activity (T ).

max:

Statistical Analysis

The sample size was not based on formal power calculations because
no formal hypotheses were to be tested. The minimal sample size
per dose group in each study was selected as the smallest possible
number to allow a decision on dose escalation to be made. In the
SAD study, 42 subjects received CSL112 and 15 subjects received
placebo. In the MAD study, 27 subjects received CSL112 and 9 sub-
jects received placebo. In the phase 2a study, 33 subjects received
CSL112 (7 received 1.7 g, 12 received 3.4 g, and 14 received 6.8 g)
and 11 subjects received placebo. Subjects were randomized by an
individual not directly involved in the analysis of study results. A ran-
domization block size of 4 (3 CSL112:1 placebo) was used to ensure
the balance between dosing groups was maintained.

The data analysis of the study data involved descriptive statistics
because there was no formal hypothesis to be tested during the study.
The placebos from each cohort were combined to form a single pla-
cebo group for each study.

The analysis of apoA-I-normalized CEC was performed as a
post hoc analysis across the 3 clinical trials. For each subject and
each time point that assessments of apoA-I and CEC were conducted,
the ratios of total CEC:apoA-I and ABCA1-dependent CEC:apoA-I
were calculated as the normalized CEC activity of apoA-I. Summary
statistics calculated were means and SDs. Comparisons of baseline
biomarker activities between clinical studies used unpaired ¢ test.
Comparison of post-treatment versus baseline results was analyzed
using paired ¢ tests or other repeated measures analyses. Comparison
of the relationship of total CEC AUEC_,,, pre-1-HDL AUEC_,,,
and HDL-C AUEC_ _, versus apoA-I AUC between studies was done
using random effects regression models with patient as the random
effect and testing the parallelism of slopes hypothesis. A similar anal-
ysis was used to compare the slopes of CEC regressed onto CSL112
dose split by tertiles of baseline apoA-I-normalized CEC (Figure 6).

The baseline value for all analyses was the last value recorded
before dosing on day 1 (ie, before administration of study medica-
tion). Pharmacokinetics and pharmacodynamics baseline correction
involved subtracting the baseline value from the value obtained from
each sample collected after study medication administration. The
length of elevation and comparison of post-dose versus baseline con-
centration in pre—31-HDL were assessed by paired ¢ test.

SAS version 9.2 (SAS Institute Inc, Cary, NC) was used for the
analysis of study data. Noncompartmental pharmacokinetics analysis
was performed using model 202 (constant infusion) in WinNonlin
Enterprise version 5.2 (Pharsight Corporation, Montreal, Canada).
Noncompartmental pharmacodynamics analysis of biomarkers was
performed using Model 220 (baseline effect) in WinNonlin Enterprise
version 5.2. Post hoc analyses were performed using JMP-Pro 13.2
(SAS Institute Inc, Cary, NC).

Results

Demographics and Baseline Characteristics

As previously described, 44 patients with stable atheroscle-
rotic disease who were receiving standard-of-care therapy,
including aspirin and either clopidogrel or prasugrel, were
studied in a phase 2a trial (NCT01499420).!2 Patients with
stable atherosclerotic disease were defined as subjects with
a history of atherosclerotic coronary artery disease/surgical
revascularization or prior percutaneous or surgical peripheral
revascularization procedure, who were randomized at least 1
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month or more after any acute event, revascularization proce-
dure, or hospitalization for chest pain.

Baseline characteristics of these patients are compared in
Table 1 with those of healthy subjects studied in 2 prior phase
1 trials with CSL112 (NCT01129661 and NCT01281774).101°
Fifty-seven and 36 healthy subjects were included in the phase

1 SAD and MAD studies, respectively. Baseline parameters
in the phase 1 SAD and MAD studies were similar for most
parameters (P>0.05) with the exception of body mass index
(P=0.0397) and ABCA1-independent CEC (P=0.0025). As
expected, patients with atherosclerotic disease were older,
had a greater body mass index, and had higher levels of apoB

Table 1. Summary of Demographics and Baseline Characteristics of Patients With Atherosclerotic Disease Compared With Healthy
Volunteers in 2 Prior Studies With CSL112
Phase 1 SAD Phase 1 MAD Phase 2a One-Way ANOVA P
Study (NCT01129661)* (NCT01281774)* (NCT01499420) Valuet
n 57 36 44
Population Healthy individuals Healthy individuals Stable atherosclerotic disease
including CAD and PAD on SOCt
Age, y 26.0 (8.2)§ 25.3 (6.9)§ 59.1 (9.8) <0.0001
Male, n (%) 36 (63.2) 23 (63.9) 32 (72.7) 0.5535
BMI, kg/m? 27.2 (5.9)l 241 (3.8)§ 31.1(7.2) <0.0001
White, n (%) 54 (94.7)1 35(97.2)1 35(79.5) 0.0127
Total cholesterol, mmol/L 4.46 (0.91) 4.35(0.83) 4.31(1.12) 0.7316
Triglycerides, mmol/L 1.00 (0.59)§ 0.95 (0.40)§ 1.92 (0.99) <0.0001
LDL-C, mmol/L 2.75 (0.84) 2.48 (0.69) 2.60 (1.02) 0.3233
ApoB, g/L 0.70 (0.20)# 0.70 (0.16)l 0.87 (0.28) 0.0002
HDL-C, mmol/L 1.42 (0.30)§ 1.42 (0.40)# 1.14(0.28) <0.0001
ApoA-l, g/L 1.20 (0.17) 1.23(0.23) 1.28 (0.20) 0.0947
Phospholipids, g/L 1.96 (0.28) 1.84 (0.34) 1.91(0.39) 0.2696
Total CEC, %efflux/4 h 105 (2.3) 10.6 (2.5) 42.7) 0.0403
ABCA1-independent CEC, %efflux/4 h 71 (1.1)§ 8.0 (1.6)§ .0(1.2) <0.0001
ABCA1-dependent CEC, %efflux/4 h 3.4(2.0) 2.5(1.6) 4 (2.0) 0.0702
Total CEC/apoA-1, %/4 h/g per liter 8.78 (1.49)# 8.79 (2.07)l 7.35(1.86) 0.0001
Pre—p1-HDL, pg/mL 15.4 (7.4)] 17.4 (7.6) 19.5 (8.0) 0.0319
HsCRP, nmol/L Not assessed Not assessed 24.74 (25.81) N/A
Dosing regimen Single dose 4 doses (1 W) or Single dose
Placebo™* (n=15) 8 doses (2 W) Placebo™* (n=11)

5 mg/kg CSL112 (n=6) Placebo** (n=9) 1.7 g CSL112 (n=7)

15 mg/kg CSL112 (n=6) 3.4¢1WCSL112 (n=9) 3.4 ¢ CSL112 (1=12)

40 mg/kg CSL112 (n=7) 6.8 1 W CSL112 (1=9) 6.8 g CSL112 (n=14)

70 mg/kg CSL112 (n=8) 3.492WCSL112 (n=9)

105 mg/kg CSL112 (n=7)

135 mg/kg CSL112 (n=8)

Values shown are mean (SD) unless otherwise stated. 1 W indicates once weekly; 2 W, twice weekly; ABCA1, ATP-binding cassette transporter 1; apoA-1, apolipoprotein
A-l; apoB, apolipoprotein B; BMI, body mass index; CAD, coronary artery disease; CEC, cholesterol efflux capacity; HDL-C, high-density lipoprotein cholesterol; HsCRP,
high sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; MAD, multiple ascending dose; N/A, not applicable; PAD, peripheral arterial disease; SAD,

single ascending dose; and SOC, standard of care.
*One-way ANOVA P value compared with phase 2a.

t0ne-way ANOVA across groups (phase 1 SAD, phase 1 MAD, phase 2a). For continuous variables, Tukey—Kramer honest significant difference test and for categorical

variables (sex, race) likelihood ratio 1 testing was used.
FMedication, including aspirin, clopidogrel, or prasugrel.
§P<0.0001.
1P<0.01.
9P<0.05.
#P<0.001.
**Placebo group includes placebos from all cohorts.
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Figure 1. Apolipoprotein A-l (apoA-l) pharmacokinetic profile after infusion of CSL112. Infusions started at time=0 h and lasted for 2 h.
A, Shown are mean+SD unadjusted total plasma apoA-I concentrations. B, Predicted exposure (area under the curve 0-48 h [AUC_,])
in healthy subjects and patients with stable atherosclerotic disease based on population pharmacokinetic modeling. C, Shown are
mean+SD unadjusted pre—{31-high-density lipoprotein (HDL) concentrations, measured by ELISA (Sekisui, Japan), in the phase 2a study.
and baseline-corrected pre—31-HDL exposure (area under the effect

D, The relationship of baseline-corrected apoA-I exposure (AUC  , )
is shown in healthy volunteers (phase 1 single ascending dose [SAD] and multiple ascending dose [MAD] stud-

curve 0-24 h [AUEC

0—24])

ies) and in a phase 2a study in stable atherosclerotic disease for comparison. Shown are linear regression lines and 95% Cls for each
study, calculated using a random effects regression model with patient as the random effect and testing the parallelism of slopes hypoth-

esis (difference in slopes, P=0.5).

and triglycerides than the healthy subjects. High sensitivity
C-reactive protein levels were measured only in the phase 2a
population (Table 1) and showed levels corresponding to a
medium cardiovascular risk.”!

Pharmacokinetics of ApoA-I

In the phase 1 SAD study, CSL112 dosing was weight based.
Because of an influence of body weight on the clearance of
apoA-I, pharmacokinetics modeling of the phase 1 SAD study
data predicted that fixed doses would result in less variability
in apoA-I exposure at extremes of the body weight range."
Consequently, fixed doses of CSL112 were used in the phase
1 MAD and phase 2a studies.

CSL112 is apoA-I from human plasma and cannot be dis-
tinguished from endogenous apoA-I.

CSL112 pharmacokinetics parameters were, therefore,
determined from baseline-corrected plasma concentrations
of apoA-I. As previously reported in healthy subjects' and
patients with atherosclerotic disease,'? the pharmacokinet-
ics of apoA-I is characterized by dose-dependent increases
in concentration (T =2 hours) and a slow elimination
(Figure 1A). A pooled population pharmacokinetics analy-
sis revealed that a 2-compartment model described the
pharmacokinetics of apoA-I concentration versus time pro-
files well. After accounting for the effect of body weight
on apoA-I clearance in the model, there was no significant
effect of population (healthy subject versus patients with

stable atherosclerotic disease) or other demographics that
were tested in the model on the pharmacokinetics of apoA-I
(manuscript in preparation).” This is further demonstrated in
Figure 1B, which shows the similar model predicted expo-
sure (AUC, 0-48 hours) in healthy subjects and patients.
The pharmacokinetics of CSL112 in healthy subjects (in the
MAD study) and patients with stable atherosclerotic disease
is detailed in Table 2.

CSL112 Causes a Strong Increase in

Lipid-Poor ApoA-I (Pre—31-HDL)

CSL112 when added to blood or plasma undergoes remodel-
ing steps that involve transient fusion with endogenous HDL
and rapid fission to yield enlarged HDL and large amounts of
lipid-poor apoA-I HDL (pre-31-HDL).?> We measured these
small species by ELISA using an anti-pre-f31 antibody.

After the infusion of CSL112, there was an immediate
strong elevation in pre-f1-HDL levels. The 6.8 g dose group
had the largest fold increase with a 17-fold increase from
0.02 g/L pre-dose to 0.35 g/L after 2 hours. Peak pre—{31-
HDL levels were reached at 2-hour post-infusion for all doses
(Figure 1C). The duration of elevation was dependent on
CSL112 dose: pre—f31-HDL was significantly elevated from
baseline at all time points up to 24 hours in the 1.7 g CSL112
dose group (mean+SD: 0.025+0.012 versus 0.035+0.015 g/L
[P=0.02]), up to 48 hours in the 3.4 g CSL112 dose group
(mean+SD: 0.017+0.007 versus 0.027+0.013 g/L [P=0.003]),



958 Arterioscler Thromb Vasc Biol

April 2018

Table 2. Pharmacokinetic Parameters of Apolipoprotein A-l After Single Infusion of CSL112 in Patients With

Stable Atherosclerotic Disease and Healthy Subjects

Pharmacokinetic Parameter Atherosclerotic Disease Subjects Healthy Subjects*
CSL112 dose, g 1.7 3.4 6.8 3.4t 3.4% 6.8
C,0 0L
Mean (SD) 0.34 (0.09) 0.77 (0.13) 1.84 (0.35) 0.66 (0.07) 0.72 (0.16) 1.63 (0.38)
n 7 12 14 9 8 9
t,h
Mean (SD) 13.6 (11.1) 29.6 (16.5) 49.1 (30.5) 36.4 (43.1) 19.3 (7.7) 60.8 (33.0)
n 3 9 13 6 3 8
AUC, ., g-h/L
Mean (SD) 8.69 (7.41) | 20.44(8.45) | 53.31(18.09) | 21.80(17.35) | 18.80(7.77) | 65.81(24.44)
n 7 12 14 9 8 9

AUC indicates area under the curve; C

max’

maximum plasma concentration; MAD, multiple ascending dose; and t%, half-life.

*Healthy subject data are shown from the MAD study for the first infusion only.

1The 3.4-g dose administered once weekly.
FThe 3.4-g dose administered twice weekly.

and up to 72 hours in the 6.8 g CSL112 dose group (mean+SD:
0.021+0.006 versus 0.036+0.013 g/L [P=0.0001]).
Throughout the dose range in the current study and
throughout the hours after infusion, a similar proportion of
the infused apoA-I appeared as pre—1-HDL such that the
relationship between apoA-I AUC,, and pre-31-HDL area
under the effect curve 0 to 24 hours (AUEC ) seems lin-
ear (Figure 1D). Plotting pre—31-HDL AUEC versus apoA-I
AUC allowed us to compare the data from the current study
with 2 prior studies of healthy subjects, including an early
phase 1 SAD study that used mg/kg dosing. These compari-
sons showed that the magnitude of elevation of pre—31-HDL
showed no significant differences between healthy subjects
and patient populations with stable atherosclerotic disease
(difference in slopes; P=0.5; Figure 1D). These results sug-
gest that the presence of stable atherosclerotic disease does
not affect the clearance of infused CSL112, its interaction
with endogenous HDL, or the formation of pre—31-HDL.

Esterification of Cholesterol After Movement
of Cholesterol From Tissues to HDL
CSL112 caused a rapid and sustained elevation in HDL-C lev-
els (Figure 2A). This suggests that tissue cholesterol moved
to the HDL fraction on infusion of CSL112. The time course
for HDL-C showed a peak at 8 hours, and levels remained
elevated for at least 72 hours with gradual return to baseline
(Figure 2A). A similar pattern was seen also in both phase 1
studies.!® To enable comparison between patients with stable
atherosclerotic disease and healthy subjects from 2 prior phase
1 studies, HDL-C AUEC,_ ,, versus apoA-I AUC, ,, was plot-
ted. The elevation in HDL-C after infusion of CSL112 was not
significantly different between healthy subjects and patients
with stable atherosclerotic disease (difference in slopes;
P=0.1883; Figure I in the online-only Data Supplement).

The increase in HDL-C observed was modest when com-
pared with the marked increases in apoA-I and pre—31-HDL.
To explore this further, we examined the ratio of HDL-C to

apoA-I. We observed that after infusion of CSL112, the HDL-
C:apoA-I ratio initially decreased and returned to baseline
between 24 and 48 hours post-dose (Figure II in the online-
only Data Supplement). This finding is consistent with the
large increase in pre—1-HDL and with the findings of studies
of HDL particle size after infusion of CSL112.%

Further assays separately measured the rise in HDL-UC
and HDL-EC. The initial rise on infusion was in the HDL-UC
fraction, reflecting the well-known ability of UC to exit cells
by diffusion and facilitated transport, as well as the well-
known inability of EC to exit cells except in chylomicrons.
Over the succeeding 8 hours, HDL-UC levels diminished
with a quantitatively matching rise in HDL-EC (Figure 2B).
Similar results were previously reported in healthy subjects.®
CSL112 infusion did not change apoB, lipoprotein(a), triglyc-
erides, or non—-HDL-C levels (Figure 3A-3D; Figure III in the
online-only Data Supplement).

Cholesterol Efflux Capacity Ex Vivo
CEC was measured ex vivo using the method described
by de la Llera-Moya et al.?® Infusion of CSL112 caused an
immediate rise in both the ABCA1-dependent and ABCAI-
independent portions of CEC with elevations reaching 2- to
3-fold the baseline levels at high doses of CSL112 (Figure 4A
and 4B). Thereafter, CEC followed a gradual decline to base-
line between 48 and 72 hours. Analysis of the total CEC
AUEC ,, versus apoA-I AUC_ ,, (Figure 4C) as well as
ABCAT1-dependent and ABCA1-independent CEC (data not
shown) showed these elevations to be linear dose dependent in
all 3 study populations. Coincident lines indicate equal eleva-
tion in efflux between healthy subjects and patients with CHD
(P=0.1). This finding suggests that the disease processes that
act to reduce the efflux activity of endogenous apoA-I have a
negligible effect on infused CSL112.

Efflux measures in patients with stable atherosclerotic dis-
ease were compared with similar measures in healthy subjects
(Figure 5A-5D; Table I in the online-only Data Supplement).
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As expected from prior studies, baseline total CEC in patients levels of apoA-I were slightly higher in the patients with stable
with stable atherosclerotic disease was lower compared with atherosclerotic disease than in the healthy subjects at baseline
healthy subjects (Figure 5A; P<0.05) despite the fact that (Figure 5B; P<0.05). To derive a measure for efflux that is

A B C
1.44 73 44
- -0~ Placebo
69 %' -= 1.7gCSL112
_ 121 I . £ 37 —— 3.4gCSL112
=) E % -+ 6.8gCSL112
E 1.0 % 49 < 2
< s 34 8
0.8+ y = 11 -
24 ‘=
=
0.6~ 14 0-
—r—r—r—r—r— —— eyl e
144 . .
0 Time (h) 0 Time (h 144 0 2_4 48144 Figure 3. CSL112 causes no increases
ime (h) Time (h) in apolipoprotein B (apoB), lipoprotein(a)

D 1.0 (Lp(a)), triglycerides, or non-high-density
lipoprotein cholesterol (HDL-C). Shown
are mean+SD of unadjusted data for (A)
apoB, (B) Lp(a), (C) triglycerides, and (D)
baseline-corrected non-HDL-C.

Baseline-corrected
non-HDL-C (mmol/L)

Time (h)




960 Arterioscler Thromb Vasc Biol April 2018
A B
o Placeb mm ABCA1-dependent
307 . acebo £ 154 mm ABCA1-independent Placebo
- 1.7gCSL112 3
257 -~ 3.4gCSL112 g 107
[
=20 - 6.89gCSL112 $ 43
B Q
© 5454 8 o
]
55 251 1.7 g CSL112
-2 .
£10
g 204
57 El
3 159
0d 5
£ 104
o 207 9
%) ]
o 5
£ E15- o]
T
c
P 30+ 3.4gCsL112
25
iR 254
g " - £
m = 204
T o 3
£ 15
)
201 8 10
It 3]
8
2 _15 57
£3 o
[ =1 -
%Em 307 6.8 g CSL112
T
=< 5] 259
g ° -
< § 20
0_ ........................................................... 2
r T T T T T 1 % 154
0 12 24 36 48 60 72 =
Ti
ime (h) 8 10
[$]
C 51
4004
4 D-
sr>2 3004 0 2 a4 8 24 48 72
> E
= Time (h)
Q& 2001
o |
— c
W —
£ 3 1007
e i
O >
L o e
< ] e — Phase 1 SAD
— Phase 1 MAD
-100- — Phase 2a
-10 0 10 20 30 40
ApoA-l AUCy_s4 (h-g/L)
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regression lines and 95% Cls for each study, calculated using a random effects regression model with patient as the random effect and

testing the parallelism of slopes hypothesis (difference in slopes, P=0.1).

corrected for the apoA-I level (ie, a measure of the specific
activity of apoA-I), baseline total CEC was divided by base-
line apoA-I. As shown in Figure 5C, patients with stable ath-
erosclerotic disease had lower apoA-I-normalized CEC than

healthy subjects, a finding consistent with the proposed HDL
dysfunction in patients with CHD (P<0.001). Patients with
stable atherosclerotic disease also had lower baseline levels of
HDL-C (Figure 5D; P<0.001) compared with healthy subjects.
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Having noted that apoA-I-normalized CEC discriminated
healthy versus atherosclerotic populations better than either
apoA-I or cholesterol efflux alone, we asked if this property at
baseline could influence the response of a patient to infusion
of CSL112. For the analysis, baseline HDL function (CEC
normalized for plasma apoA-I) was calculated for subjects
participating in all 3 studies. The data were pooled and strati-
fied into tertiles based on baseline apoA-I-normalized CEC.
Total CEC post-infusion (averaged from the end of infusion at
2 to 24 hours post-dose) increased in a dose-dependent manner
after infusion of CSL112 and was similarly elevated between
subjects in the highest and lowest tertiles of HDL function-
ality (Figure 6; difference in slopes for tertiles; P=0.1242).
These data further suggest that elevation of cholesterol efflux
by CSL112 is a robust property that is little affected by either
baseline HDL functionality or stable atherosclerotic disease.

Discussion
Previous work with healthy subjects has shown that infusion
of CSL112 causes rapid elevation of apoA-I and a subsequent
elimination that is similar in half-life to that reported in studies
on the half-life of endogenous apoA-1." Similar slow elimina-
tion of infused apoA-I was also seen when CSL112 was infused
into patients with stable atherosclerotic disease.'”> Maximum
plasma concentration and AUC , - show comparable values in
healthy subjects and patients with stable atherosclerotic disease,
thus demonstrating that underlying disease does not signifi-
cantly affect the pharmacokinetics of CSL112 as demonstrated
in the pooled population pharmacokinetics analysis (manuscript
in development). We note that, although the patients with stable

atherosclerotic disease in our study showed lower baseline
HDL-C than the healthy controls, they did not show lower levels
of apoA-1, which have been reported in other studies.>*
Previous work has also shown that infusion of CSL112
causes movement of cholesterol from tissue into the HDL frac-
tion and that it further promotes the subsequent rapid esterifica-
tion of effluxed free cholesterol.”!° Because published studies
have suggested that patients with stable atherosclerotic disease
may have depressed levels of lecithin—cholesterol acyltransfer-
ase,” we compared data on these parameters in healthy sub-
jects versus those with stable atherosclerotic disease. In both
healthy subjects and patients with stable atherosclerotic dis-
ease, the curves tracing HDL-UC fell rapidly from their peak
at 2 hours while levels of HDL-EC rose in this time frame, with
the curves intersecting between 4 and 6 hours. The apparent
precursor—product relationship indicates rapid ongoing con-
version of HDL-UC to HDL-EC, known to be mediated by the
serum enzyme lecithin—cholesterol acyltransferase. Because of
the dynamic nature of cholesterol pools, with continuous clear-
ance from and entry into the HDL pool for both UC and EC,
a quantitative measure of lecithin—cholesterol acyltransferase
cannot be derived from these data. Nevertheless, it is appar-
ent that esterification of cholesterol in response to infusion of
CSL112 is similar in healthy subjects and patients with stable
atherosclerotic disease because the intersection point of the
falling HDL-UC curve with the rising HDL-EC curve occurs
at similar intervals after infusion (4.6-6.4 hours for healthy
subjects,'® 4.2-4.4 hours for stable atherosclerotic disease).
HDL-C levels are only loosely associated with the ability
of plasma to either promote cholesterol efflux from cells or to
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reduce inflammatory responses of cells ex vivo.'* A potential
explanation of this phenomenon is the observation that HDL
may lose functional activity in some disease states resulting in
dysfunctional or poorly functional HDL. We have used a novel
measure of functionality: apoA-I-normalized CEC (the ratio
of cholesterol efflux to apoA-I), to assess this. Consistent with
prior observations of impaired functionality in patients with
CHD,">'® we find that patients with stable atherosclerotic dis-
ease have lower apoA-I-normalized CEC than healthy subjects.
The molecular features that cause the reduction in HDL func-
tion in cardiovascular disease are unknown, and we could not
predict on first principles whether newly infused apoA-I would
be fully functional or if it would take on the compromised func-
tional activity of the host. Here, we show that CSL112 elevates
cholesterol efflux in a profound and dose-dependent fashion and
that the magnitude and duration of this elevation are indepen-
dent of the disease state of the subject. We documented this with
2 types of comparisons. In the first, we compared healthy sub-
jects versus those with diagnosed cardiovascular disease, and in
the second, we compared an aggregate of healthy and diseased
patients by tertiles of baseline HDL function (apoA-I-normal-
ized CEC). Both comparisons showed equivalent elevation of
efflux by CSL112, regardless of disease status or baseline HDL
functionality. These data suggest that infusions of CSL112 are
likely to be fully functional even in patients with dysfunctional
endogenous HDL. Finally, we note that subjects with stable ath-
erosclerotic disease had a significantly higher level of triglycer-
ides compared with healthy subjects at baseline (P<0.0001) yet
showed equivalent elevation of CEC. Thus, we have demon-
strated that the presence of elevated plasma triglycerides did
not interfere with pharmacodynamics effects of CSL112.
There are several limitations to this analysis. First, data on
patients with stable atherosclerotic disease and healthy subjects
were collected in different studies, and so comparisons drawn are
from post hoc analyses. Second, it could be anticipated that the
results of this study may not be applicable to post-AMI patients

who may exhibit strongly increased markers of inflammation
that could impair HDL function.'® Any such effect of inflamma-
tion on the response to CSL112 is likely to be low given that infu-
sion of CSL112 in a phase 2b trial of post-AMI patients caused
a dramatic increase in CEC."! However, a formal analysis and
comparison with healthy subjects have not yet been conducted.
Cholesterol efflux is a important parameter favoring devel-
opment of CSL112 for reduction of early recurrent events after
an AMI. Depressed levels of cholesterol efflux are associated
with higher rates of CHD*? and an increased risk of cardio-
vascular events in subjects with CHD.??7 A recent study has
also correlated the improved cardiovascular outcome associated
with Mediterranean diet® with improvements in cholesterol
efflux.” Importantly, efflux values to apoB-depleted plasma
are much stronger predictors of risk of CHD than HDL-C val-
ues.’ The recent AEGIS-I study (ApoA-1 Event Reducing in
Ischemic Syndromes) has now shown that CSL112 has a sat-
isfactory safety profile when initiated in the days after an AMI
and that it produces a marked increase in CEC in the setting of
AMIL!" The ability of CSL112 to strongly elevate efflux, even
in patients with atherosclerotic disease, suggests that it may be
a promising agent for rapidly removing plaque cholesterol and
reducing the risk of early recurrent atherothrombotic events.
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Highlights

Patients with stable atherosclerotic disease had a lower baseline cholesterol efflux capacity compared with healthy subjects, consistent with
notion of dysfunctional high-density lipoprotein in patients with coronary heart disease.

Infusion of CSL112, a novel formulation of human apolipoprotein-1, dramatically elevated lipid-poor apolipoprotein-I (pre—[31-high-density lipo-
protein) levels and enhanced cholesterol efflux capacity to a similar extent in patients with stable atherosclerotic disease and healthy subjects.
Esterification of cholesterol in response to infusion of CSL112 was also similar in patients with stable atherosclerotic disease and healthy subjects.
The ability of CSL112 to enhance cholesterol efflux capacity was not influenced by baseline high-density lipoprotein functionality or the pres-

ence of stable atherosclerotic disease.






