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Background: CER-001 is an engineered pre-beta high-density lipoprotein (HDL) mimetic, which rapidly 
mobilizes cholesterol. Infusion of CER-001 3 mg/kg exhibited a potentially favorable effect on plaque 
burden in the CHI-SQUARE (Can HDL Infusions Significantly Quicken Atherosclerosis Regression) study. 
Since baseline atheroma burden has been shown as a determinant for the efficacy of HDL infusions, the 
degree of baseline atheroma burden might influence the effect of CER-001. 
Methods: CHI-SQUARE compared the effect of 6 weekly infusions of CER-001 (3, 6 and 12 mg/kg) 
vs. placebo on coronary atherosclerosis in 369 patients with acute coronary syndrome (ACS) using serial 
intravascular ultrasound (IVUS). Baseline percent atheroma volume (B-PAV) cutoff associated with atheroma 
regression following CER-001 infusions was determined by receiver-operating characteristics curve analysis. 
369 subjects were stratified according to the cutoff. The effect of CER-001 at different doses was compared 
to placebo in each group. 
Results: A B-PAV ≥30% was the optimal cutoff associated with PAV regression following CER-001 
infusions. CER-001 induced PAV regression in patients with B-PAV ≥30% but not in those with B-PAV 
<30% (−0.45%±2.65% vs. +0.34%±1.69%, P=0.01). Compared to placebo, the greatest PAV regression was 
observed with CER-001 3mg/kg in patients with B-PAV ≥30% (−0.96%±0.34% vs. −0.25%±0.31%, P=0.01), 
whereas there were no differences between placebo (+0.09%±0.36%) versus CER-001 in patients with B-PAV 
<30% (3 mg/kg; +0.41%±0.32%, P=0.39; 6 mg/kg; +0.27%±0.36%, P=0.76; 12 mg/kg; +0.32%±0.37%, 
P=0.97).
Conclusions: Infusions of CER-001 3 mg/kg induced the greatest atheroma regression in ACS patients 
with higher B-PAV. These findings identify ACS patients with more extensive disease as most likely to 
benefit from HDL mimetic therapy.
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Introduction

Considerable attentions have focused on atheroprotective 
properties of high-density lipoproteins (HDLs) to 
further reduce atherosclerotic cardiovascular diseases 
(1-6). Infusional agent of HDL represents an attractive 
therapeutic approach to enhance reverse lipid transport 
capacity by temporarily increasing the number of pre-
beta HDL particles in the circulation (7). CER-001 is 
an engineered negatively-charged lipoprotein particle 
mimicking pre-beta HDL, consisting of a combination of 
recombinant human Apo A-I and two phospholipids (97% 
sphingomyelin, 3% dipalmitoyl phosphatidylglycerol). It 
has been reported to promote cholesterol efflux and anti-
inflammatory response (8,9). The Can HDL Infusions 
Significantly Quicken Atherosclerosis Regression (CHI-
SQUARE) study evaluated the impact of infusing CER-001 
in patients with acute coronary syndrome (ACS) using serial 
coronary intravascular ultrasound (IVUS) imaging (10). 
Although primary endpoint did not show any significant 
differences between placebo and CER-001, there was a 
favourable trend toward plaque regression under infusing 
3 mg/kg, the lowest of three doses, of CER-001 (10). 
This observation may underscore identification of factors 
including optimal dose of CER-001 which induces plaque 
regression. 

In a previous trial investigating a HDL mimetic 
containing apoA-IMilano, baseline atheroma burden was a 
significant determinant of the degree of regression under 
this therapy (11,12). Based on these observations, we 
hypothesize that the degree of baseline coronary atheroma 
burden as well as dose of CER-001 may influence its clinical 
efficacy. Therefore, this post-hoc blinded analysis of CHI-
SQUARE study investigated (I) the influence of baseline 
coronary atheroma burden on the efficacy of CER-001 and 
(II) its optimal dose associated with significant regression of 
coronary atheroma.

Methods

CHI-SQUARE study protocol

The details of the CHI-SQUARE protocol have been 
described in detail previously (10) (NCT01201837). In 
brief, 507 patients with ACS, defined as unstable angina, 
non-ST or ST segment elevation myocardial infarction 
were enrolled in the study. Subjects were treated with 
six weekly volume-matched infusions of either placebo 
or CER-001 at a dose of 3, 6 or 12 mg/kg. Coronary 

IVUS imaging was performed at baseline and at the end 
of the study (9 weeks) in 417 patients. An independent 
and blinded analysis performed by our core laboratory in 
anatomically matched segments identified 369 subjects 
with evaluable images that were included in the current 
analysis (placebo: n=93, CER-001 3 mg/kg: n=88,  
6 mg/kg: n=100, 12 mg/kg: n=88). The remaining 48 
subjects were deemed not suitable for plaque analysis 
(suboptimal image quality: n=22, calcification: n=15, 
wrong procedure for IVUS imaging: n=11). The study was 
approved by each participating center’s institutional review 
board and all patients provided written, informed consent 
prior to entering the study.

Image acquisition and analysis

The detail of ultrasonic image acquisition and analysis 
has been described in detail previously (10-12). Briefly, 
following anticoagulation therapy and administration of 
intracoronary nitroglycerin, a high frequency (40–45 MHz)  
ultrasound transducer (Volcano Corp or Boston Scientific) 
was placed as distally as possible within the target coronary 
artery. The angiographical inclusion criteria for the target 
coronary artery imaged by IVUS was one major coronary 
artery which did not have more than 50% luminal 
narrowing with a minimum length of 40 mm. The target 
coronary artery must not have undergone percutaneous 
intervention in the past or at the time of the baseline 
study.

Imaging was acquired while continuously withdrawing 
the catheter through the artery back to the aorta at a 
constant rate of 0.5 mm/s by a motorized pullback at both 
time-points. During this pullback, images were obtained at 
30 frames per second. Images were digitized, and analysis of 
each segment was selected by using proximal and distal side 
branches as reference points to enable subsequent analysis 
of the same segment at follow-up. Subsequently, every 60th 
image was analyzed, representing cross-sections spaced 
exactly 1.0 mm apart. Cross-sectional IVUS images were 
analyzed by using customized software (Image J version 
1.42; National Institutes of Health, Bethesda, Maryland). 
IVUS measurements were performed in accordance with 
the standards of the American College of Cardiology and 
the European Society of Cardiology (13). For each 1-mm 
apart cross-sectional image, the leading edges of the luminal 
and external elastic membrane (EEM) borders were traced 
by manual planimetry. Following these measurement, the 
aforementioned software automatically calculated maximum 
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atheroma thickness in each cross-sectional image. Atheroma 
area was calculated as EEM area minus luminal area. As 
reported previously, observer variability to measure EEM 
and lumen areas are negligible (14).

Based on the Simpson rule, the primary end point, 
percent atheroma volume (PAV), was calculated as follows: 

PAV (%) = [Σ(EEMarea − LUMENarea)/Σ EEMarea] ×100
EEMarea is the cross-sectional area of the EEM, and 

lumenarea is the cross-sectional area of the lumen. The 
change in PAV was calculated as the PAV at 9 weeks minus 
the PAV at baseline. 

A secondary efficacy end point, normalized total 
atheroma volume (TAVnormalized), was calculated as follows: 

TAVnormalized (mm3) = [Σ(EEMarea − LUMENarea)/Number 
of slices in pullback] × Median number of slices in study 
population

The change in TAVnormalized was calculated as the 
TAVnormalized at 9 weeks minus the TAVnormalized at baseline.

Any progression was defined as change in PAV >0%.
Volumes occupied by the lumen and EEM were similarly 

calculated by summation of their respective areas in each 
measured image and subsequently normalized to account 
for differences in segment length between subjects as 
follows:

Lumen volume (mm3) = [Σ(LUMENarea)/Number of 
slices in pullback] × Median number of slices in study 
population

EEM volume (mm3) = [Σ(EEMarea)/Number of slices in 
pullback] × Median number of slices in study population

Statistical analysis

Continuous variables are expressed as mean ± SD or median 
and categorical variables as percentage. The Chi-square 
test was used to test for differences in categorical variables 
between groups and continuous data were compared using 
unpaired t-tests, or Mann-Whitney log rank tests when the 
variable was not normally distributed. 

Simple linear regression was used for assessing 
the correlation between clinical variables and change 
in PAV under CER-001 infusions. Local polynomial 
regression curve fitting technique was used for plotting 
the relationships between baseline PAV and change 
in PAV in 276 subjects receiving CER-001. Receiver 
operating characteristics curve analysis using the Youden 
index was performed to identify the cut-off value of 
baseline PAV associated with any regression of atheroma 
burden (change in PAV <0%). Serial change in atheroma 

volume in patients stratified according to the cut-off 
value of baseline PAV was compared by using analysis 
of covariance adjusting for clinical characteristics 
(age,  gender,  body mass index,  hypertension and 
hypercholesterolemia), medication use (statin, high-
intensity statin and angiotensin converting enzyme 
inhibitor) and the degree of risk factor control (change in 
glycated hemoglobin, high-sensitivity c-reactive protein 
and diastolic blood pressure). A high-intensity statin was 
defined as the dose of atorvastatin and rosuvastatin ≥40 
and 20 mg, respectively. In sensitivity analyses, change in 
PAV was examined using analysis of covariance, with the 
baseline value as a covariate. 

Based on the optimal cut-off value of baseline PAV from 
the above analysis, overall subjects in CHI-SQUARE study 
(n=369) were stratified into two groups. In each group, the 
effect of CER-001 at different doses (3, 6 or 12 mg/kg) on 
change in PAV was compared to placebo group by using 
analysis of covariance. A value of P<0.05 was considered 
significant. All statistical analyses were performed using 
SPSS statistics version 22.0 (IBM, Chicago, IL, USA).

Results

Relationship of baseline PAV with atheroma regression in 
subjects receiving CER-001

Table 1 summarizes the relationship between clinical 
variables and change in PAV in 276 patients receiving 
CER-001 infusions (Table 1). Significant correlations 
were observed between baseline PAV, absolute change 
in glycated hemoglobin, and the change in PAV. These 
correlations remained significant on multivariate analysis 
[baseline PAV; β coefficient, −0.08, 95% confidence 
interval (CI), −0.11 to −0.05, P=0.006, absolute change in 
glycated hemoglobin: β coefficient, −0.39; 95% CI, −0.56 
to −0.22, P=0.03] (Table 1). The relationship of baseline 
PAV with change in PAV was illustrated in Figure 1A. 
Greater baseline PAV was associated with more atheroma 
regression in response to infusions of CER-001 (r=−0.382, 
P=0.009). In particular, baseline PAV below 29.8% 
corresponded to no net regression of coronary atheroma, 
whereas atheroma regressed in patients with baseline 
PAV above 29.8%. Receiver operating characteristics 
curve analysis determined that a baseline PAV ≥30.0% 
associated with PAV regression following CER-001 
infusions (Figure 1B, AUC =0.81, sensitivity =89.5%, 
specificity =83.8%). 
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Table 1 Correlation of clinical factors and PAV change in CER-001 patients

Clinical variables β coefficient (95% CI) P value

Univariate analysis

Age 0.05 (−0.15 to 0.26) 0.40

Female −0.03 (−0.27 to 0.22) 0.54

Hypertension 0.01 (−0.35 to 0.38) 0.97

Hypercholesterolemia 0.03 (−0.27 to 0.28) 0.60

Diabetes −0.01 (−0.36 to 0.33) 0.97

Body mass index 0.05 (−0.15 to 0.20) 0.33

Baseline PAV −0.10 (−0.12 to −0.07) 0.002

Triglyceride

Baseline value −0.05 (−0.21 to 0.11) 0.38

Percent change 0.06 (−0.08 to 0.20) 0.25

Total cholesterol

Baseline value −0.05 (−0.25 to 0.16) 0.40

Percent change −0.01 (−0.29 to 0.32) 0.86

Glycated hemoglobin

Baseline value −0.02 (−0.31 to 0.27) 0.69

Absolute change −0.40 (−0.52 to −0.28) 0.01

hs-CRP

Baseline value −0.02 (−0.30 to 0.26) 0.66

Percent change −0.11 (−0.22 to 0.02) 0.06

Systolic blood pressure

Baseline value −0.04 (−0.26 to 0.09) 0.44

Percent change −0.02 (−0.31 to 0.27) 0.69

Diastolic blood pressure

Baseline value 0.01 (−0.29 to 0.32) 0.84

Percent change −0.08 (−0.22 to 0.04) 0.17

Multivariate analysis

Age 0.01 (−0.28 to 0.31) 0.45

Female −0.29 (−0.47 to 0.08) 0.39

Baseline PAV −0.08 (−0.11 to −0.05) 0.006

Absolute change in glycated hemoglobin −0.39 (−0.56 to −0.22) 0.03

Percent change in hs-CRP −0.001 (−0.02 to 0.01) 0.10

CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein, PAV, percent atheroma volume.
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Clinical demographics and risk factor control in subjects 
receiving CER-001

Based on the above observation, the current study firstly 
compared clinical demographics and IVUS data in 276 
patients receiving CER-001 infusions stratified according 
to baseline PAV <30% (n=74) and ≥30% (n=202). Baseline 
clinical characteristics are summarized in Table 2. Patients 
with baseline PAV ≥30% were more likely to have 
hypercholesterolemia (93.6% vs. 85.1%, P=0.03). They 
were less likely to be obese (29.4±5.6 vs. 30.8±6.0 kg/m2) 
and were more likely to have a history of hypertension 
(91.0% vs. 82.4%) and receive a high-intensity statin (36.6% 
vs. 24.3%) and angiotensin converting enzyme inhibitor 
(45.5% vs. 33.7%) although all of these comparisons did not 
meet statistical significance (P=0.07, 0.06, 0.06 and 0.07, 
respectively). The use of other anti-atherosclerotic medical 
therapies, assigned dose of CER-001 and the prevalence of 
unstable angina, ST segment and non-ST segment elevation 
myocardial infarction were comparable between the groups 
(Table 2). Risk factor control under infusions of CER-001 is 
summarized in Table 3. There were no significant differences 
in risk factor profiles at baseline. Patients with baseline PAV 
≥30% exhibited a higher level of diastolic blood pressure at 
follow up (76.6±10.4 vs. 73.3±9.1 mmHg, P=0.01).

Baseline atheroma burden and vessel dimensions in 
subjects receiving CER-001

Table 4 shows baseline IVUS measures in the two baseline PAV 
groups treated with CER-001. Predictably, all measures of plaque 
burden were greater at baseline in patients with baseline PAV 

≥30% (PAV: 39.6%±6.4% vs. 25.3%±3.4%, P<0.001; TAVnormalized: 
157.3±64.3 vs. 106.1±39.2 mm3, P<0.001; maximum atheroma 
thickness: 0.8±0.2 vs. 0.5±0.1 mm, P<0.001). EEM volume was 
similar in the two groups (395.0±139.7 vs. 418.5±140.9 mm3, 
P=0.21), whereas patients with baseline PAV ≥30% demonstrated 
a smaller lumen volume (237.6±85.5 vs. 312.3±105.8 mm3, 
P<0.001), consistent with more extensive disease. 

Serial changes in atheroma burden and vessel dimensions 
in subjects receiving CER-001

Changes in atheroma burden and vascular dimensions in 
patients treated with CER-001 are summarized in Table 5. 
Under the therapy, patients with baseline PAV ≥30% exhibited 
a more favorable effect on change in PAV (−0.45%±2.65% 
vs. +0.34%±1.69%, P=0.01). After adjusting for differences in 
baseline PAV and clinical demographics, greater regression of 
PAV was still observed (−0.28%±0.49% vs. −0.07%±0.42%, 
P=0.03). Additionally, patients with baseline PAV ≥30% were less 
likely to demonstrate greater reduction of TAV (−3.91±12.77 vs. 
−2.21±9.31 mm3, P=0.009) and any degree of PAV progression 
(45.4% vs. 67.5%, P=0.001). The decrease in EEM and lumen 
volume was smaller in patients with baseline PAV ≥30% (EEM 
volume: −5.6±27.0 vs. −14.1±30.6 mm3, P=0.02; lumen volume: 
−1.74±21.8 vs. −11.96±25.3 mm3, P=0.001).

Sensitivity analysis

Change in PAV was compared between patients receiving 
CER-001 who were stratified according to another cut-off 
value of baseline PAV; 29.8% from Figure 1A (corresponding 
to no net regression) and 35.8% (median value), respectively. 
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Patients with baseline PAV above 29.8% showed a trend 
toward more regression of PAV (−0.27%±0.45% vs. 
−0.10%±0.43%), but this did not meet statistical significance 
(P=0.08). There was no significant difference in change in 
PAV between subjects with baseline PAV above vs. below 
35.8% (−0.22%±2.79% vs. −0.04%±2.05%, P=0.19).

The degree of atheroma regression in patients receiving 
different doses of CER-001 versus placebo

In the  overa l l  369 subjects  f rom CHI-SQUARE 

study, the effect of CER-001 at different doses (3, 6 or  
12 mg/kg) on change in PAV was evaluated and compared 
to placebo in patients with a baseline PAV <30% or 
≥30%, respectively (Figures 2 and 3). In patients with 
baseline PAV <30%, any dose of CER-001 did not exhibit 
significant changes in PAV compared to placebo (placebo: 
+0.09%±0.36%; CER-001 3 mg/kg: +0.41%±0.32%, 
P=0.39 vs. placebo; 6 mg/kg: +0.27%±0.36%, P=0.76 
vs.  placebo; 12 mg/kg: +0.32%±0.37%, P=0.97 vs. 
placebo, Figure 2). In patients with baseline PAV ≥30%, 
significant regression of PAV was observed in patients 

Table 2 Baseline clinical characteristics in patients receiving CER-001

Clinical variables Baseline PAV <30% (n=74) Baseline PAV ≥30% (n=202) P value

Age (years) 58.0±10.7 58.5±9.4 0.69

Caucasian, n (%) 65 (87.8) 181 (89.6) 0.75

Female, n (%) 19 (25.6) 46 (22.8) 0.57

BMI, kg/m2 30.8±6.0 29.4±5.6 0.07

Hypertension, n (%) 61 (82.4) 184 (91.0) 0.06

Hypercholesterolemia, n (%) 63 (85.1) 189 (93.6) 0.03

Diabetes, n (%) 17 (22.9) 51 (25.2) 0.74

Dose of CER-001, n (%)

3 mg/kg 30 (40.6) 58 (28.7) 0.10

6 mg/kg 22 (29.7) 78 (38.6) 0.25

12 mg/kg 22 (29.7) 66 (32.7) 0.65

Clinical diagnosis, n (%)

STEMI 5 (6.7) 18 (9.0) 0.31

NSTEMI 29 (39.2) 92 (45.5) 0.36

Unstable angina 40 (54.1) 92 (45.5) 0.16

Concomitant medication use, n (%)

Statin 65 (87.8) 190 (94.0) 0.10

High-intensity statin 18 (24.3) 74 (36.6) 0.06

Ezetimibe 3 (4.0) 8 (3.9) 0.98

Fibrates 4 (5.4) 6 (2.9) 0.37

β-blocker 50 (67.5) 152 (75.2) 0.19

ACE inhibitor 25 (33.7) 92 (45.5) 0.07

ARB 10 (13.5) 40 (19.8) 0.18

Calcium channel blocker 11 (14.8) 40 (19.8) 0.28

ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker; BMI, body mass index; NSTEMI, non-ST segment elevation 
myocardial infarction; STEMI, ST segment elevation myocardial infarction.
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Table 3 Risk factor control in patients receiving CER-001

Risk factors Baseline PAV <30% (n=74) Baseline PAV ≥30% (n=202) P value

Apo B

Baseline (mg/dL) 81.1±23.3 83.9±24.3 0.39

Follow-up (mg/dL) 74.9±21.6 79.5±26.1 0.16

Percent change (%) −5.5±20.1 −3.4±22.7 0.47

Triglyceride 

Baseline (mg/dL) 114 (56, 160) 114 (64, 172) 0.11

Follow-up (mg/dL) 96 (71, 149) 110 (76, 159) 0.39

Percent change (%) −3.1 (−29.1, +37.7) −9.1 (−32.0, +27.1) 0.41

Total cholesterol

Baseline (mg/dL) 158.9±42.3 159.9±41.5 0.86

Follow-up (mg/dL) 148.3±37.4 158.1±45.9 0.09

Percent change (%) −3.7±22.8 +0.3±20.7 0.15

Fasting glucose 

Baseline (mg/dL) 100.1±24.2 104.2±34.8 0.34

Follow-up (mg/dL) 109.5±31.6 110.8±40.3 0.80

Percent change (%) +11.6±29.1 +12.1±57.8 0.93

Glycated hemoglobin

Baseline (mg/dL) 5.9±0.6 6.0±0.9 0.42

Follow-up (mg/dL) 5.9±0.7 5.9±0.9 0.55

Percent change (%) −0.1±0.3 0±0.1 0.72

hs-CRP 

Baseline (mg/dL)* 2.5 (1.0, 5.7) 2.8 (1.1, 7.1) 0.48

Follow-up (mg/dL)* 1.3 (0.6, 3.6) 1.4 (0.5, 3.6) 0.69

Percent change (%)* −33.3 (−61.5, 0.0) −43.1 (−72.7, −8.3) 0.55

Systolic blood pressure 

Baseline (mmHg) 129.0±14.3 131.1±16.2 0.30

Follow-up (mmHg) 126.7±14.3 130.4±18.4 0.11

Percent change (%) −0.8±14.1 +0.3±15.2 0.57

Diastolic blood pressure 

Baseline (mmHg) 74.5±9.0 75.2±10.7 0.62

Follow-up (mmHg) 73.3±9.1 76.6±10.4 0.01

Percent change (%) −0.4±16.1 +3.2±17.2 0.10

*, median (interquartile range). Apo B, apolipoprotein B, hs-CRP, high sensitivity C-reactive protein.



259Cardiovascular Diagnosis and Therapy, Vol 7, No 3 June 2017

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2017;7(3):252-263cdt.amegroups.com

receiving CER-001 at 3 mg/kg compared to placebo 
(−0.96%±0.34% vs. −0.25%±0.31%, P=0.01), whereas 
there was a non-significant trend in change in PAV 
between patients receiving placebo vs. CER-001 6 mg/kg  

(−0.61%±0.32%, P=0.17 vs. placebo) and no difference 
at 12 mg/kg (+0.17%±0.32%, P=0.31 vs.  placebo)  
(Figure 3). IVUS measures at baseline and its serial change 
were summarized in Table 6. 

Table 4 Baseline atheroma burden in patients receiving CER-001

IVUS measures Baseline PAV <30% (n=74) Baseline PAV ≥30% (n=202) P value

PAV (%) 25.3±3.4 39.6±6.4 <0.001

TAV (mm3) 106.1±39.2 157.3±64.3 <0.001

EEM (mm3) 418.5±140.9 395.0±139.7 0.21

Lumen volume (mm3) 312.3±105.8 237.6±85.5 <0.001

Maximum atheroma thickness (mm) 0.5±0.1 0.8±0.2 <0.001

IVUS, intravascular ultrasound; EEM, external elastic membrane; PAV, percent atheroma volume; TAV, total atheroma volume.

Table 5 Serial change in atheroma burden in patients receiving CER-001

IVUS measures Baseline PAV <30% (n=74) Baseline PAV ≥30% (n=202) P value

Change in PAV (%) 0.34±1.69 −0.45±2.65 0.01

Adjusted change in PAV (%)* −0.07±0.42 −0.28±0.49 0.03

Change in EEM (mm3) −14.1±30.6 −5.6±27.0 0.02

Change in lumen volume (mm3) −11.96±25.3 −1.74±21.8 0.001

Any progression#, n (%) 50 (67.5) 92 (45.5) 0.001

*, adjusted for baseline PAV, clinical characteristics (age, gender, body mass index, hypertension and hypercholesterolemia), medication 
use (statin, high-intensity statin and angiotensin converting enzyme inhibitor) and the degree of risk factor control (change in glycated 
hemoglobin, high-sensitivity c-reactive protein and diastolic blood pressure); #, change in PAV >0%. IVUS, intravascular ultrasound; EEM, 
external elastic membrane; PAV, percent atheroma volume.
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Figure 2 Atheroma regression between different doses of CER-
001 versus placebo in patients with baseline PAV <30%. PAV, 
percent atheroma volume.

Figure 3 Atheroma regression between different doses of CER-
001 versus placebo in patients with baseline PAV ≥30%. PAV, 
percent atheroma volume.
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Discussion

HDL infusion therapy has received considerable interest 
as a novel therapeutic approach to potentially modulate 
atherosclerotic plaque and reduce cardiovascular events. 
CER-001 is an engineered pre-beta HDL mimetic agent, 
with the ability to enhance atheroprotective functionality 
of HDL (8). While the primary analysis finding of CHI-

SQUARE did not show the benefit of this agent to 
coronary atherosclerosis compared to placebo (10), the 
current independent and blinded analysis, performed in 
anatomically matched segments, demonstrated the greatest 
regression of coronary atherosclerosis in patients with 
baseline extensive atherosclerosis receiving the 3 mg/kg 
CER-001 dose, and lesser regression or no regression at 6 
and 12 mg/kg doses. These findings underscore baseline 

Table 6 Change in IVUS measures following infusion of placebo and CER-001 at different dose

IVUS measures Placebo CER-001: 3 mg/kg CER-001: 6 mg/kg CER-001: 12 mg/kg

Baseline PAV <30%

Baseline measures

PAV (%) 25.3±3.7 26.5±2.8 24.5±3.5 24.4±3.7

TAV (mm3) 99.5±29.4 111.0±35.9 104.7±45.6 101.1±36.9

EEM volume (mm3) 392.2±95.9 416.1±125.0 426.2±171.0 413.6±131.7

Lumen volume (mm3) 292.7±72.6 305.0±91.1 321.4±129.5 312.5±100.2

Maximum atheroma thickness (mm) 0.53±0.13 0.56±0.12 0.51±0.16 0.51±0.14

Serial changes

PAV (%)* 0.09±0.36 0.41±0.32 0.27±0.36 0.32±0.37

TAV (mm3)* −3.33±1.88 −1.31±1.69 −3.38±1.88 −1.82±1.92

EEM volume (mm3) −11.38±39.90 −10.05±22.16 −20.22±37.24 −13.25±32.77

Lumen volume (mm3) −8.37±34.30 −8.32±17.24 −16.82±32.49 −11.63±26.19

Maximum atheroma thickness (mm)* −0.005±0.010 −0.005±0.009 −0.015±0.010 −0.004±0.011

Baseline PAV ≥30%

Baseline measures

PAV (%) 40.1±7.1 38.6±6.7 40.2±6.7 39.8±5.8

TAV (mm3) 165.2±54.6 145.1±55.2 163.0±73.5 161.3±59.4

EEM volume (mm3) 409.9±114.1 375.2±132.1 402.9±153.7 403.0±128.7

Lumen volume (mm3) 244.6±74.0 230.1±85.5 239.8±90.6 241.7±80.0

Maximum atheroma thickness (mm) 0.90±0.21 0.82±0.18 0.87±0.20 0.88±0.21

Serial changes

PAV (%)* −0.25±0.31 −0.96±0.34 −0.61±0.32 +0.17±0.32

TAV (mm3)* −2.71±1.53 −6.23±1.68 −3.42±1.44 −2.72±1.56

EEM volume (mm3) −4.46±26.34 −7.17±15.91 −2.70±28.29 −7.81±32.85

Lumen volume (mm3) −1.48±20.08 −1.57±13.14 0.88±20.86 −5.00±28.20

Maximum atheroma thickness (mm)* −0.009±0.007 −0.027±0.008 −0.013±0.007 −0.006±0.008

*, adjusted for baseline value. IVUS, intravascular ultrasound; EEM, external elastic membrane; PAV, percent atheroma volume; TAV, total 
atheroma volume. 
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plaque burden as a modifiable phenotype and identify 
patients who are more likely to benefit from use of such 
therapies in the setting of ACS.

The finding that greater baseline plaque burden is 
associated with a greater propensity for its regression with 
CER-001 is supported by a large body of literature. A 
similar finding was observed with infusions of reconstituted 
HDL containing apoA-IMilano in which the greatest degree 
of regression along the course of an artery was observed at 
the segment containing the greatest plaque burden (11,12). 
The current finding extends this observation to the patient 
level and would also support recent reports that baseline 
plaque burden is a strong predictor of response to statin 
therapy (15,16).

Pathological and imaging studies have demonstrated the 
coronary tree of ACS patients contains greater amounts 
of lipidic and inflammatory material (17), which may 
underscore reports that therapies tend to have a greater 
therapeutic effect in such patients (18,19). The presence 
of more plaque in specific patients portending a greater 
chance of regression may also suggest that this pattern of 
disease is likely to contain even greater amounts of lipid 
and inflammation, an observation supported by emerging 
intravascular imaging modalities (20-22).

 The current study provides additional insights into 
a potentially effective dose of CER-001 required to 
induce atheroma regression in the setting of ACS. In 
patients with baseline PAV ≥30%, infusion of CER-001 
at 3 mg/kg induced a marked and significant regression 
of coronary atheroma compared to placebo, whereas the 
6 mg/kg demonstrated only a trend to regression, and 
the highest dose of 12 mg/kg did not exhibit any benefit. 
It is of interest to note that infusions of apoA-IMilano 
also demonstrated less regression at the higher dose, an 
observation leading to some speculation that there could 
be a saturation of lipid mobilization leading to a “reverse” 
dose response with such infusions (11). Early experience 
with CER-001 has produced findings which may further 
support this concept of a U-shaped dose-response curve. 
When administered to apoE knockout mice, CER-001 
across the dosing range of 2–5 mg/kg reduced cholesterol 
content within the carotid artery wall, while further 
dosing increases had no greater effect (23). Of particular 
interest, administration of higher CER-001 doses in 
mouse models ultimately led to substantial reductions in 
expression of the cholesterol transporter, ATP binding 
cassette A1 (ABCA1) (23). This work has suggested that 
the ABCA1 down-regulation induced by higher doses of 

CER-001 is associated with a reduction in the ABCA1-
specific cholesterol efflux (23). Therefore, the maximally 
efficient CER-001-mediated cholesterol removal from 
atherosclerotic plaque can be achieved by minimizing 
dose-dependent down-regulation of ABCA1 expression. 
Further investigation will be required what degree lipid 
composition and particle charge may influence anti-
atherosclerotic properties at higher doses. 

The findings of this analysis also have potential 
implications for the use of imaging to triage patients to 
more intensive therapy. The observation that those with 
greater plaque burden were more likely to regress with 
CER-001 infusions complements observations that the 
presence of greater plaque burden identifies patients 
who are still likely to have a cardiovascular event, despite 
treatment with high intensity statin therapy (24). While 
there is accumulating literature to suggest that such findings 
tends to promote greater use of medical therapies, the field 
requires clinical trials to determine whether use of imaging 
to triage patients to more intensive therapy is a cost 
effective approach to reducing cardiovascular risk.

Recent failure of agents raising HDL-C in prospective 
randomized trials have led to a shift in thinking to the 
importance of promoting HDL quality as opposed to quantity 
of circulating cholesterol in the HDL fraction (25). HDL 
infusions rapidly increase circulating pre-beta-like HDL 
particle number, enhance efflux capacity for cellular cholesterol 
and may positively impact other HDL properties that have 
been previously reported (7). These findings are hypothesis 
generating, and inform the design of future clinical trials that 
will evaluate CER-001 as a potential therapy. As the current 
analysis describes CER-001 efficacy at a 3 mg/kg dose in 
patients with more atheroma burden, it highlights a potential 
role that imaging studies might play in drug development, 
via their ability to optimize the design of the next step. 
Accordingly, the impact of CER-001 3 mg/kg will be directly 
compared with placebo in ACS patients with baseline PAV 
≥30% in the CER-001 Atherosclerosis Regression ACS Trial 
(CARAT: NCT02484378).

Multivariate analysis identified that change in glycated 
hemoglobin was associated with plaque progression in our 
study subjects. While our previous IVUS studies showed 
diabetes mellitus as an independent contributor to plaque 
progression, there was no significant relationship of glycated 
hemoglobin with change in PAV in diabetic patients with 
CAD (16,26). Whether infusion of CER-001 modulates the 
association between glycemic control and progression of 
coronary atherosclerosis will require further investigation.
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Limitations

A number of caveats should be noted. Our findings are a post 
hoc analysis of films from a clinical trial that failed to meet 
its primary efficacy end point of elucidating differences in 
coronary atheroma regression between placebo and CER-
001 at three different doses (10). Therefore, current results 
should be considered as hypothesis generating. Given the 
post hoc nature of our analysis, there were some differences 
in body mass index, risk factors and medication use between 
patients with different degrees of plaque burden. However, 
the differences in propensity to regression with CER-001 
persisted after controlling for these differences. Additional 
residual confounding may have influenced the degree of 
atheroma regression, biasing our results. We could not 
evaluate the association of atheroma regression with CER-
001 and clinical outcomes due to relatively small study 
population, this will ultimately require a large clinical 
outcomes trial. It should also be noted that gray scale 
IVUS does not have enough capability to visualize plaque 
composition. 

Conclusions

In summary, the presence of more extensive baseline 
coronary atheroma burden was associated with its 
regression under the infusion of CER-001 in ACS subjects. 
Administration of 3 mg/kg CER-001 induced the greatest 
atheroma regression in ACS subjects with baseline PAV 
≥30%. Our findings indicate ACS patients with more 
extensive atherosclerotic disease most likely to benefit from 
HDL mimetic therapy at this dose. Whether this agent 
ultimately comes to clinical practice will require further 
investigation in large clinical trials.
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