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Aims: Profiling of lipoproteins can predict risk of cardiovascular disease; gel permeation high-performance lig-
uid chromatography (HPLC) improves prediction accuracy by providing detailed data for specific lipoprotein
subclasses. This study applied HPLC to examine the effects of evolocumab, which effectively treats hyperlipid-
emia and mixed dyslipidemia, on lipoprotein subclasses, specifically the number and size of lipoprotein particles.

Methods: This post-hoc analysis used patient blood samples from YUKAWA-2, a phase 3 trial evaluating the
efficacy of evolocumab in Japanese adult patients with hyperlipidemia or mixed dyslipidemia and at high risk for
cardiovascular disease. We used HPLC to assess observed values and percent change from baseline in cholesterol
and triglyceride (TG) concentrations, number of particles in lipoprotein subclasses to week 12, and mean
observed values and mean percent change from baseline in variables to weeks 10 and 12. HPLC was also com-
pared with conventional methods in assessing low-density lipoprotein (LDL) cholesterol (LDL-C) values.

Results: Data for all 404 patients were analyzed. Evolocumab significantly decreased cholesterol and TG con-
centrations, and total particle count, in very low-density lipoprotein (VLDL) and LDL subclasses. Particle size
increased slightly in LDL, high-density lipoprotein (HDL), and VLDL, but data varied widely. At very low LDL-
C, HPLC measurements were higher than those from conventional methods.

Conclusion: This research used HPLC to assess the effects of evolocumab in 20 lipid subclasses. By lowering
lipid content and improving the lipid profile, evolocumab may reduce atherogenicity. This reduction is better
quantified by HPLC than by conventional methods in the very low LDL-C range.

Key words: Evolocumab, Gel permeation high-performance liquid chromatography, Lipoprotein,
Lipoprotein subclass, Residual risk

sive statin therapy can only reduce cardiovascular

Introduction events by about 30% in patients". Further reduction

The benefits of statins are well established for of cardiovascular events will require better manage-
reducing low-density lipoprotein (LDL) cholesterol ment of residual risk factors such as postprandial dys-
(LDL-C) and preventing the development and recur- lipidemia, remnant lipoproteins, number and size of
rence of cardiovascular events. However, even inten- small dense LDL (sdLDL) particles, and low levels in
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high-density lipoprotein cholesterol (HDL-C).

Lipoprotein profiles related to the risk factors of
cardiovascular disease are not limited to lipid quanti-
ties, but also apply to lipid qualities such as subclass
characteristics and specifically the ratio of lipoproteins
within each subclass?. This information has therapeu-
tic implications, and lipoprotein profiles are being
increasingly used to determine patients’ risk of devel-
oping cardiovascular disease*”); sdLDL, very low-den-
sity lipoprotein (VLDL), and remnant lipoproteins are
considered to be associated with coronary artery dis-
ease®” and peripheral artery disease (PAD)?. Detailed
lipoprotein analysis with quantification of the changes
in lipoprotein profiles may provide vital information
for the clinician in the management of dyslipidemia
and the prevention of cardiovascular disease.

In recent years, monoclonal antibodies that
inhibit protein convertase subtilisin/kexin type 9
(PCSK9) have become available for clinical use and
are recommended in guidelines for the treatment of
familial hypercholesterolemia (FH)® and for the sec-
ondary prevention of coronary artery disease in FH
and high-risk non-FH patients”. One of those PCSK9
inhibitors, evolocumab, has markedly reduced LDL-C
levels by approximately 60% and reduced the inci-
dence rate of cardiovascular events by 15% when
added to statin therapy'®'". These effects were inves-
tigated in the YUKAWA-2 study, a phase 3 clinical
trial designed to evaluate the efficacy and safety of
evolocumab for 12 weeks in Japanese patients at high
risk for cardiovascular events due to hyperlipidemia or
mixed dyslipidemia'?. The study demonstrated the
potent LDL-C-lowering effects of evolocumab in Jap-
anese patients, with LDL-C levels reduced by approxi-
mately 67% to 76% in the evolocumab group. How-
ever, the results did not include information on which
specific lipoprotein particles or particle subclasses were
affected. For example, did evolocumab decrease
sdLDL, which is more atherogenic, or did it decrease
large buoyant LDL (IbLDL), which is less athero-
genic? Further research into the effects of evolocumab
on specific lipoprotein subclasses could greatly benefit
treatment practices at the clinical level. However, we
need more accurate tools to assess the true risks and
benefits of this potentially promising drug.

The results in the YUKAWA-2 study were based
on ultracentrifugation for measuring LDL-C <40
mg/dL (1.0 mmol/L) or triglyceride (TG) >400 mg/
dL (4.5 mmol/L); in all other cases, the Friedewald
method was used. However, some patients in the evo-
locumab group showed post-treatment LDL-C values
below the limits of detection by ultracentrifugation,
raising the question of whether LDL particles might
be eliminated by PCSK9 monoclonal antibody inhibi-
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tors. To predict the long-term safety of evolocumab,
we must be able to verify whether LDL-C was absent
from the blood of those patients, which requires the
use of more sensitive technology to reassess post-treat-
ment LDL-C values.

Several techniques are available for lipoprotein
analysis. The traditional method of ultracentrifugation
is time-consuming and thus limited in clinical appli-
cation. For calculating LDL-C, the Friedewald
method is commonly used, but it requires fasting
blood samples in which TG levels are < 400 mg/dL"
and reliability has not been verified for extremely low
LDL-C values. In addition, little information appears
to be available on the reliability of the direct measure-
ment method at extremely low LDL-C levels. In par-
ticular, now that PCSK9 monoclonal antibody inhibi-
tors are in clinical use, new assay methods which pro-
vide detailed lipoprotein measurement are needed to
assess LDL-C at lower concentrations. Also, when
determining the quality of LDL to evaluate its athero-
genic effects, information is needed not only on cho-
lesterol and TG content of LDL but also on particle
size (diameter) and the number of particles. Proton
nuclear magnetic resonance spectroscopy (NMR)
measures particle size quickly and conveniently'?, but
NMR measurement is based on resonance signals,
which makes an accurate assessment of lipoprotein
cholesterol levels problematic'>'¥. In contrast, gel per-
meation high-performance liquid chromatography
(HPLC) analyzes lipoproteins by dividing lipoprotein
particles into 20 subclasses based on particle size,
directly determines cholesterol and TG levels for each
subclass, and calculates the number of each lipopro-
tein particle in detail”?". This contributes to more
accurate lipoprotein profiles, which support the assess-
ment of potential residual risk?* 2.

We analyzed the 20 lipoprotein subclasses
obtained by HPLC, using blood samples collected and
stored during the YUKAWA-2 study. We also investi-
gated differences between the LDL-C values obtained
by HPLC analysis and LDL-C values that were calcu-
lated using the Friedewald estimation method or mea-
sured by ultracentrifugation in the YUKAWA-2 study.
In previous research, the effects of evolocumab on
lipoprotein particle concentrations have been analyzed
by NMR spectroscopy in the phase 3, 52-week DES-
CARTES (Durable Effect of PCSK9 Antibody Com-
pared with Placebo Study) trial'”. However, to our
knowledge, our study is the first to use HPLC in
assessing the more detailed and precise effects of evo-
locumab on lipoproteins.
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Aim

We conducted this post-hoc sub-analysis to bet-
ter evaluate the efficacy of evolocumab in improving
the lipoprotein profile in Japanese subjects who had
hyperlipidemia or mixed dyslipidemia and high car-
diovascular risk, using data from the YUKAWA-2
study. Our goal was to more precisely evaluate the
lipoproteins related to cardiovascular event risk.

Methods

Study Design

The YUKAWA-2 study design and results have
been reported by Kiyosue ez al. (2016)'?. Briefly, the
YUKAWA-2 study was designed as a 12-week phase 3
clinical study to evaluate the efficacy and safety of evo-
locumab subcutaneous injections at doses of 140 mg
once every 2 weeks and 420 mg monthly in patients
who were also under treatment with atorvastatin 5
mg/day or 20 mg/day. The YUKAWA-2 study
(NCT01953328) was approved by the Institutional
Research Ethics Committee (IRB) of each study site
and was conducted in accordance with the Ethical
Guidelines for Medical and Health Research Involving
Human Subjects. Written informed consent was
obtained from each subject.

This study presents a post-hoc analysis of data
from the YUKAWA-2 study, so no trial registration
was filed, and no new informed consent was required.
This study evaluated the efficacy of evolocumab in the
target population in greater depth by analyzing
changes in the 20 lipoprotein subclasses obtained by
HPLC, using blood samples collected during the
YUKAWA-2 study. This study also compared the dif-
ferences in LDL-C values as determined by HPLC to
those calculated using the Friedewald method or mea-
sured by ultracentrifugation.

Study Population

In the YUKAWA-2 study, a total of 409 Japanese
patients were randomized at 52 study centers. They
were 20 to 85 years of age, had been diagnosed with
hyperlipidemia or mixed dyslipidemia, and were at
high cardiovascular risk according to the Japan Ath-
erosclerosis Society criteria®”. Patients were required
to receive a stable dose of an approved statin for at
least 4 weeks before the study, to have no changes in
lipid-lowering therapy during that time, and to have
documented LDL-C > 100 mg/dL (2.6 mmol/L) and
fasting TG < 400 mg/dL (4.5 mmol/L). Patients with
type 1 diabetes, newly diagnosed (<3 months) or
poorly controlled (hemoglobin Alc [HbAlc] >8.5%)
type 2 diabetes (T2DM), or newly diagnosed impaired

glucose tolerance (<3 months) were excluded from
participation. All other exclusion criteria are available
in the supplementary material from the YUKAWA-2
study'?.

After entering screening, eligible subjects were
randomized 1:1 to either of two atorvastatin dose
cohorts: 5 mg/day (non-intensive therapy) or 20 mg/
day (intensive therapy). For randomization, stratifica-
tion factors had three levels: (1) previous diagnosis of
familial hypercholesterolemia heterozygotes (HeFH),
(2) no HeFH diagnosis and treatment with intensive
lipid-lowering therapy, and (3) no HeFH diagnosis
and treatment with non-intensive lipid-lowering ther-
apy. After completion of the 4-week lipid-stabilizing
period, the eligible subjects in each statin cohort were
then randomized at a 1:1:1:1 ratio into 1 of 4 groups
for the 12-week double-blind period: subcutaneous
evolocumab 140 mg every 2 weeks or 420 mg every
month or subcutaneous placebo every 2 weeks or
every month. Stratification was by the same factors as
for the lipid stabilization period described above.

For the YUKAWA-2 study, the co-primary end-
points were the percent change in LDL-C from base-
line to week 12 and mean percent change in LDL-C
from baseline to week 10 and week 12. For all analyses
related to LDL-C, unless specified otherwise, a reflex-
ive method was used, where the calculated LDL-C
concentration was used in the analysis unless that cal-
culated LDL-C was <40 mg/dL or triglycerides were
>400 mg/dL, in which case ultracentrifugation
LDL-C was determined and utilized.

In the YUKAWA-2 study, 404 patients were
identified to be eligible and were randomized to evo-
locumab or placebo within their atorvastatin cohort.
Of the 404 subjects randomized to study drugs, all
patients received statin treatment and at least 1 dose
of study drug. The 404 patients were included in the
full analysis set (FAS) population used for analyses of
efficacy and safety endpoints. All of those 404 patients

were included in the present study.

Endpoints

Co-primary endpoints were established for this
study. One primary endpoint was the percent change
from baseline in total cholesterol and total TG con-
centrations and the number of particles in lipoprotein
subclasses at week 12, and the other was the mean
percent change of those factors from baseline at weeks
10 and 12. Measurements were obtained by HPLC for
the 4 major lipoproteins and the 20 lipoprotein sub-
classes. In an additional exploratory investigation,
cholesterol concentration, TG concentration, and the
number of particles were determined for each of the
20 lipoprotein subclasses at baseline and week 12, and
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those mean values were calculated for week 10 and
week 12. Subgroup analysis on those values and per-
cent change from baseline to week 12 was then con-
ducted, and the means of those values and percent
change were calculated, using presence or absence of
T2DM at baseline. In addition, we used four HPLC
subclasses (major classes) to assess the percent change
in particle size for LDL, HDL, and VLDL from base-
line to week 12 and the mean percent change from
baseline to week 10 and week 12.

Procedure

Lipoprotein measurement by HPLC was per-
formed at Skylight Biotech, Inc. (100-4 Sunada,
lijima, Akita-shi, Akita, 011-0911 JAPAN). The
method of measurement has been described in
detail?V. The HPLC particle count was calculated
from particle concentration and radius, assuming that
the particles were spherical.

The method applied an analytical algorithm,
using Gaussian approximation, to the 20 subclass
groups (group [G] 1-20) obtained by HPLC subfrac-
tionation, considering subclass G1-G2 as chylomi-
cron, subclass G3-G7 as VLDL, subclass G8-G13 as
LDL, and subclass G14-G20 as HDL, with VLDL
remnant in subclass G7-G8 and sdLDL in subclass
G11-G13, respectively V.

Statistical Analysis

Statistical analyses were performed on the FAS of
the YUKAWA-2 study in the double-blind treatment
period, which included all subjects randomized to
study drugs who had received at least 1 dose of study
drug. The YUKAWA-2 study involved two random-
ization steps. For the first step in the lipid stabilization
period, patients were randomized 1:1 to one of two
atorvastatin doses. In the second step, patients receiv-
ing each atorvastatin dose were randomized 1:1:1:1 to
one of the following treatment groups: subcutaneous
evolocumab 140 mg every 2 weeks or 420 mg every
month, or subcutaneous placebo every 2 weeks or
every month. In the present study, unless specified
otherwise, those eight groups were consolidated into
two groups (the evolocumab group and the placebo
group) for evaluation and were not considered sepa-
rately by atorvastatin dose cohort and dose frequency
combination. Unless specified otherwise, no imputa-
tion was performed for missing data.

Since some data were missing on VLDL particle
size assessed by HPLC, the average size of VLDL par-
ticles was calculated as the mean of the size in each
cholesterol fraction, weighted by the applicable values
as shown below®:

VLDL particle size=[(64 nm x G3 concentra-
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tion) + (53.6 nm x G4 concentration) + (44.5 nm x
G5 concentration) + (36.8 nm x G6 concentration) +
(31.3 nm x G7 concentration)] / VLDL concentra-
tion.

To describe observed calculated LDL-C, ultra-
centrifugation LDL-C, and HPLC LDL-C visually,
scatter plots for these parameters were shown. Due to
the post-hoc explanatory nature of the study, all statis-
tical analyses were descriptive, and no statistical test-
ing was performed. Statistical analysis was conducted
by Amgen Astellas BioPharma K.K., using SAS ver-

sion 9.2 or later.

Results

Patient Characteristics

As previously reported for the YUKAWA-2
study'?, the 404 study subjects were 39.6% women
and 60.4% men. Age (mean*standard deviation
[SD]) was 61.3+10.3 years, and 57.2% of the sub-
jects were younger than 65 years of age. At baseline,
roughly half of the patients had been diagnosed with
T2DM and a quarter with metabolic syndrome.

Original LDL-C values from the YUKAWA-2
study were 102.6+28.1 mg/dL (2.65+0.73 mmol/L)
in the placebo group and 108.5+35.4 mg/dL (2.80 =
0.92 mmol/L) in the evolocumab group. In the pres-
ent study, we used HPLC to assess baseline blood sam-
ples from the YUKAWA-2 study; the resulting LDL-C
values were 91.1+21.7 mg/dL (2.36+0.56 mmol/L)
in the placebo group and 94.6+26.4 mg/dL (2.45 =+
0.68 mmol/L) in the evolocumab group (Table 1).

Absolute Value and Percent Change from Baseline
in the Concentration of Cholesterol and TG, and
in the Number of Particles, for the 20 Lipoprotein
Subclasses

The concentration of cholesterol and TG and the
number of particles were reduced in the subclasses
corresponding to VLDL, LDL, and chylomicrons,
although the data relating to chylomicrons varied
widely when lipoproteins were divided into 20 sub-
classes by HPLC. In accordance with results from the
YUKAWA-2 study, the level of LDL-C concentration
was reduced by approximately 70% in the evolocumab
group in comparison to the placebo group. Specifi-
cally, cholesterol was reduced in subclasses G7-8,
which correspond to VLDL remnants; in G8-10,
which correspond to IbLDL; and in G11-13, which
correspond to sdLDL (Fig. 1, Supplemental Table 1).
Reduced TG concentration was noted within the evo-
locumab group in the lipoprotein subclasses corre-
sponding to VLDL and LDL, particularly in sub-
classes G3-5, which correspond to VLDL-1, and also
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Table 1. Patient characteristics at baseline

Variables

Placebo (2 =202)

Evolocumab (72 =202)

Female, 7 (%)
Age, years
Age group > 65 years, 7 (%)
Lipid profile
LDL-C, mg/dL
TG, mg/dL
CM-C, mg/dL®
VLDL-C, mg/dL®
LDL-C, mg/dL®
HDL-C, mg/dL®

79 (39.1) 81 (40.1)
60.8+10.1 61.8+10.6
81 (40.1) 92 (45.5)
102.6+28.1 108.5+35.4
136.4%75.8 141.0+£96.9
1.76+2.61 1.72+2.39
34.79+13.19 36.43+14.95
INLI2E 2172 94.60 +26.44
52.30%+11.25 52.14+11.78

Data are expressed as 7 (%) or mean * standard deviation.
Abbreviations: LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; CM-C, chylomicron cholesterol;
VLDL-C, very low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

§Samples were assessed by high-performance liquid chromatography (HPLC).
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In A and B, points indicate mean = SD; C, median and 1st and 3rd quartiles (Q1, Q3).

in G7-11 (Supplemental Fig. 1, Supplemental Table
2). The evolocumab group also showed a reduced
number of lipoprotein particles in subclasses G7-G13.
Lower particle numbers were seen in the subclasses
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corresponding to chylomicron (Fig.2, Supplemental
Table 3). These findings were nearly identical to the
results for another co-primary endpoint (the mean
percent change from baseline at weeks 10 and 12)
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A, value at baseline; B, value at week 12; C, percent change between baseline and week 12.
In A and B, points indicate mean = SD; C, median and 1st and 3rd quartiles (Q1, Q3).

(Supplemental Table 1-3).

Subgroup Analysis of Absolute Value and Percent
Change from Baseline in Cholesterol Concentration,
TG Concentration, and Number of Particles in the
20 Lipoprotein Subclasses, using Presence or
Absence of Type 2 Diabetes at Baseline

There were no notable differences in patient
characteristics between the placebo and evolocumab
groups, regardless of whether patients had T2DM
(Supplemental Table 4). Responses to evolocumab
were comparable between T2DM and non-diabetic
patients, and findings for cholesterol (Supplemental
Fig.2, Supplemental Table 5) and TG concentra-
tions (Supplemental Fig. 3, Supplemental Table 6)
and lipid particle size (Supplemental Fig. 4, Supple-
mental Table 7) were similar for the T2DM group,
the non-diabetes group, and the overall subject popu-
lation. These findings were nearly identical to the
results for another co-primary endpoint (the mean
percent change from baseline at weeks 10 and 12)

(Supplemental Table 5-7).
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Absolute Value and Percent Change from Baseline
in Particle Size of LDL, HDL, and VLDL

Median particle size remained unchanged in the
placebo group and increased numerically in the evo-
locumab group for LDL (Fig. 3, Supplemental Table
8), HDL (Supplemental Fig. 5, Supplemental Table
9), and weighted VLDL (Supplemental Fig. 6, Sup-
plemental Table 10) particles, but the data varied
widely for all three lipoproteins, and the distribution
of particle sizes in the placebo group overlapped the
distribution in the evolocumab group. As a result, there
were no clear differences in particle size distribution
between the two groups for any of the three lipoproteins.

Accuracy in Monitoring Lower LDL-C Concentrations
using the Friedewald Method, Ultracentrifugation,
and HLPC

A scatter plot showed an approximately linear
relationship between the values calculated using the
Friedewald method and those determined by HLPC.
However, the HPLC values tended to be higher than
the calculated values in patients with low LDL-C
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Fig. 4. Accuracy in monitoring low LDL-C concentrations using high-performance liquid chromatography (HPLC)

Fig. 4A consists of two graphs. Left: scatter plot of calculated LDL-C and HPLC LDL-C values for all post-baseline scheduled
visits by placebo or evolocumab treatment group. Patient population is the full analysis set. The lower left corner segment, out-
lined in green, represents blood samples having calculated LDL-C values less than 40 mg/dL and HPLC LDL-C values less
than 40 mg/dL. That segment is expanded in the scatter plot on the right.

Fig. 4B consists of a scatter plot of UC LDL-C and HPLC LDL-C values for all post-baseline scheduled visits by placebo or
evolocumab treatment group and represents blood samples having UC LDL-C values less than 40 mg/dL and HPLC LDL-C
values less than 40 mg/dL. Patient population is the full analysis set.

All plots were based on observed data. Missing values were not imputed.

Abbreviations: LDL-C, low-density lipoprotein cholesterol; UC, ultracentrifugation.

(approximately 40 mg/dL or less). Similar results were HLPC, although the difference was less substantial
found when the values determined by ultracentrifuga- than the difference between the calculated and HLPC
tion were plotted against the values determined by values (Fig.4). When the distribution of cholesterol
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levels in each of the 20 subclasses was examined in
patients whose LDL-C values were originally calcu-
lated to be 0 mg/dL using the Friedewald calculation
method, HPLC successfully detected substantial levels
of LDL subclasses (G9), indicating greater sensitivity
for HPLC, especially in the low range of LDL-C
(Supplemental Fig.7).

Discussion

In the Further Cardiovascular Outcomes
Research with PCSK9 Inhibition in Subjects with Ele-
vated Risk (FOURIER) study, a randomized, double-
blind, placebo-controlled, multinational clinical trial
conducted in 49 countries, evolocumab reduced
LDL-C by approximately 60% and significantly
reduced the risk of cardiovascular events by 15%'?. In
contrast, the YUKAWA-2 study in Japanese subjects
showed that evolocumab reduced LDL-C by approxi-
mately 60% to 70%'?, possibly indicating that evo-
locumab has greater effects specifically in the
YUKAWA-2 study population. By analyzing the
effects of evolocumab on lipoprotein profiles, based
on blood samples from participants in the
YUKAWA-2 study, we hoped to further evaluate the
detailed lipoprotein measures of the PCSK9 monoclo-
nal antibody inhibitor, evolocumab. Also, gel perme-
ation HPLC provides more concise and accurate mea-
surement of lipoproteins than do conventional assays.
The present study used HPLC to provide new find-
ings concerning lipoprotein analyses.

We found that evolocumab reduced cholesterol
content, TG content, and the number of lipoprotein
particles in some lipoprotein subclasses. Cholesterol
concentration was particularly reduced in subclasses
G5-11, which correspond to VLDL, intermediate
density lipoprotein (IDL), IbLDL, and sdLDL. We
consider this reduction to be related to the reduction
in LDL-C observed in the YUKAWA-2 study. This
result indicates that evolocumab reduced the number
of LDL particles contained in LDL subclasses and that
this reduction occurred within IbLDL and sdLDL
subclasses. Trends in TG concentration were similar to
those for LDL. If TG-rich lipoproteins are not metab-
olized properly and remain in the blood, they can
become remnant lipoproteins and promote atheroscle-
rotic progression in the carotid, cerebral, coronary,
and peripheral arteries®?.

Lipoproteins that are usually detected as remnant
lipoprotein subclasses are known to vary depending
on the type of dyslipidemia (3-VLDL, chylomicron
remnant [CMR], VLDL remnant, or IDL)?”. The
pathogenic mechanisms of atherosclerosis involve the
relatively easy uptake of remnant lipoproteins by the
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macrophages, which leads to increases in the forma-
tion of foam cells?, in platelet aggregation®?, in vaso-
spasm, and in other physiological activities related to
atherogenicity. The evolocumab-induced reduction in
TG content is thought to encourage a decrease in ath-
erogenic remnant lipoproteins. This reduction was not
limited to the cholesterol and TG content per lipopro-
tein particle but also affected the number of particles
in the subclasses corresponding to VLDL and LDL,
contributing to the ability of evolocumab to improve
lipoprotein profiles in patients with hyperlipidemia or
mixed dyslipidemia.

Although the number of particles in subclasses
14 to 20, corresponding to HDL, did not change sub-
stantially, median values were 15% to 30% higher
than placebo in subclasses 16 and 17, and we noted an
increase in the subclass that included the relatively
large HDL particle, HDL2, although less increase was
noted in the smaller HDL3 subclass. A correlation has
been reported between increased HDL2 cholesterol
and decreased cardiovascular risk??; extreme increases
in HDL-C or HDL2-C are considered by some
researchers to be atherogenic?”, although this finding
is controversial ). Further studies are needed to eluci-
date both the mechanism by which HDL2 increases
and the clinical implications of this increase.

Characteristic lipoprotein profiles in T2DM
patients typically include high levels of VLDL, rem-
nant TG, and sdLDL and low levels of HDL-C. How-
ever, the baseline data for the YUKAWA-2 study
showed no major differences in lipoprotein profiles
between patients with T2DM and those without dia-
betes. This may be because the T2DM patients
included in the YUKAWA-2 study had relatively mild
T2DM; that study excluded patients whose diabetes
was newly diagnosed and/or poorly controlled
(HbAlc >8.5%). The present study showed similar
results for both diabetic and non-diabetic groups, con-
firming that evolocumab effectively reduces athero-
genic lipoproteins in most patient populations.

In this study, using gel permeation HPLC, we
found that evolocumab may slightly increase median
LDL and HDL particle sizes, which is considered ben-
eficial for reduction of cardiovascular risk. While large
LDL particles have a higher affinity to LDL receptors
and tend to be metabolized normally after binding to
the receptors, small LDL particles have lower affinity
to LDL receptors and thus tend to remain in the
blood longer and to be denatured”. These small LDL
particles easily infiltrate the intravascular space
through the vessel wall and become material for oxi-
dized LDL, which is very atherogenic. Recent studies
have shown that an increased proportion of small
LDL particles is a risk factor for developing angina



Evolocumab Effect on Lipoprotein by HPLC

pectoris”?® or PAD?, even if total LDL-C level in the
blood remains unchanged. Given these findings, we
can assume that evolocumab improves the fractional
catabolic rate of LDL, not only by inhibiting the deg-
radation of LDL receptors and thus increasing their
number but also by enhancing the affinity of LDL for
those receptors.

We speculate that the potential increase in LDL
particle size is related to the mechanism of action of
evolocumab, which inhibits PCSK9, increases the
number of LDL receptors on hepatocytes, and thus
promotes hepatocellular uptake of LDL before the
catabolic process of downsizing LDL particles can
occur?”. Another possible mechanism would be
through reduction of blood TG concentration. sdLDL
is thought to be most closely related to blood TG lev-
els, and a reduced concentration of TG-rich VLDL
may lead to decreases in the cholesteryl ester transfer
protein (CETP)-mediated exchange reaction between
TG and cholesterol (i.e., reduced transfer of choles-
terol esters from LDL to VLDL). This decrease would
reduce the loss of LDL density. In the present study,
we found that the number of VLDL particles was
reduced by the effects of evolocumab, probably
because this PCSK9 monoclonal antibody inhibitor
reduces the synthesis and secretion of VLDL in the
liver®. This phenomenon has been reported in
statins®" 3. The present study focused on the effects
on lipid subclasses of evolocumab, but it is also impor-
tant to evaluate the effects of other PCSK9 inhibitors
and the responses of LDL receptors on these drugs,
including evolocumab; we hope that those important
issues can be addressed in future research.

The Friedewald equation is based on the assump-
tion that most serum TG is contained in VLDL and
that the ratio of VLDL cholesterol to TG is approxi-
mately 1:5'?. For this reason, the use of this equation
to calculate LDL-C values in hypertriglyceridemia
patients is highly limited. The Friedewald-estimated
values for LDL-C level also appear to be lower than
actual values at lower levels of LDL-C, particularly <
70 mg/dL*. In contrast, gel permeation HPLC is not
affected by hypertriglyceridemia, because lipoprotein
particles are first separated into subclasses by diameter
through gel permeation, and then cholesterol content
is assessed by a system that is sensitive to cholesterol
but unaffected by other types of lipids. In this study,
even when LDL-C values were calculated to be zero
by the Friedewald equation, LDL peaks were apparent
on HPLC analysis. This suggests that HPLC can accu-
rately measure even very low cholesterol concentra-
tions. Fig.4 shows that LDL-C values were higher
when using gel permeation HPLC than when apply-
ing the Friedewald formula with very low LDL-C (<

40 mg/dL) and were lower for gel permeation HPLC
than for the Friedewald calculations with relatively
high LDL-C (2 40mg/dL). The Friedewald formula is
a precise but originally non-rigorous method to calcu-
late LDL values, and it is not surprising that those cal-
culated values did not match our actual 7z vive mea-
sured values. In the present study, there were large dis-
crepancies between the values obtained by these two
methods, particularly in the low range. This finding is
of particular importance because of the current
increase in the clinical use of PCSK9 monoclonal
antibody inhibitors. In the YUKAWA-2 study, when
LDL-C was <40mg/dL, measurements were taken by
ultracentrifugation. In this study, we found smaller
discrepancies between gel permeation HPLC and
ultracentrifugation than between gel permeation
HPLC and calculations using the Friedewald formula.
However, in the lower-value range, the LDL-C values
from HPLC were higher than those from ultracentri-
fugation. This may indicate that complete sample
recovery is not feasible with ultracentrifugation
because lipoproteins adhere to the centrifuge tube
walls, a limitation of ultracentrifugation. For this rea-
son, we consider gel permeation HPLC to be superior
for analyses of very low levels of cholesterol. This
method of HPLC measurement is not standard for
routine clinical practice, but it provides highly accu-
rate measurements for assessing the effects of thera-
peutic interventions on changes in lipoproteins and
lipids, as described above. Such high-precision assess-
ments, in turn, can be useful in evaluating atheroge-
nicity.

This study has limitations. First, it is exploratory
because it was based on post-hoc analysis of specimens
from the YUKAWA-2 study. Although our findings
indicated favorable effects of evolocumab on lipopro-
teins, these effects must be confirmed by other pro-
spective studies in the future. Second, this study incor-
porated non-intensive (atorvastatin 5 mg/day) and
intensive (atorvastatin 20 mg/day) statin use, repre-
sentative of standard practice in Japan, which is more
conservative than in other global regions. Third, while
the study population of approximately 400 subjects
was not particularly small for this type of study, the
application of gel permeation HPLC meant that our
data analysis relied on an analytical algorithm using a
Gaussian approximation. When peak values were not
obtained, the data were deemed missing. For this rea-
son, studies with larger numbers of subjects are

needed.

Conclusion

The present study assessed the effects of evoloc-
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umab, as seen in 20 lipid subclasses. Results suggested
that evolocumab may reduce atherogenicity by lower-
ing lipids and improving the lipid profile and indi-
cated that HPLC offers more accurate quantification
than the Friedewald formula or ultracentrifugation in

the lower range of LDL-C.
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Supplemental Table 1. Absolute value and percent change from baseline for concentration of cholesterol in 20 subclasses

A. Baseline

Sub
class 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Measured value, mg/dL
Placebo 098 078 268 453 1367 841 550 2228 4098 1989 602 097 099 057 203 965 1901 1475 456 173
178 £0.88 £1.87 £295 524 £354 £208 =615 £10.03 +625 =190 £037 023 020 =093 560 =457 £223 =076 =0.25

Evolocumab 094 079 272 473 1425 912 561 2311 4275 2055 617 101  L02 057 213 975 1872 1470 453 175
£143 £098 221 £354 £582 421 £220 =688 +1235 £7.16 %206 037 £024 =020 =119 £636 =452 +226 =068 =£0.27

B. Week 12

Sub
class 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Measured value, mg/dL

Placebo 089 075 262 443 1350 845 543 2194 4078 2015 611 098 099 057 204 976 1876 1451 451 1.74
£1.08 £0.81 £2.03 £329 %603 £383 *1.95 2629 £991 £6.67 *2.05 £039 024 =019 2097 £579 478 £2.15 £0.68 =£0.25

Evolocumab 059 044 130 243 468 384 241 768 1322 659 202 046 050 047 220 1192 2081 1483 453  1.68
118 062 £127 +1.87 254 =248 105 =3.88 £750 388 =114 =020 0.7 =021 =133 £7.02 =480 =236 =074 =027

Change from baseline, %

Placebo 0.00 -230 582 475 091 000 033 -1.94 135 365 260 141 1.03 000 000 258 -L71 -125 -0.89 0.9
(-46.15, (-50.00, (-36.07, (-31.59, (-16.57, (-12.61, (-16.02, (-12.14, (-9.77, (9.74, (-9.68, (-11.11, (-7.92, (-10.98, (-11.57, (-13.75, (-9.75, (-7.62, (:9.53, (-6.08,
81.05) 58.33) 35.29) 33.87) 14.48) 15.80) 1657) 6.95) 8.97) 13.59) 13.79) 13.56) 9.20) 14.06) 13.89) 19.62) 7.83) 5.80) 7.58) 8.74)

Evolocumab ~ -37.33 -42.68 -54.86 -49.03 -68.55 -60.77 -57.28 -68.38 -70.24 -69.43 -68.92 -54.10 -52.05 -1935 058 2640 1040 115  0.65 427
(-71.93, (-68.89, (-72.31, (-65.28, (-75.87, (-69.73, (-65.98, (-75.35, (-77.91, (-77.42, (-76.65, (-64.00, (-60.00, (-34.78, (-12.74, (5.53, (0.42, (-5.20, (-8.29, (-9.40,
1250)  5.88) -30.70) -20.63) -39.23) -49.30) -44.58) -59.75) -61.76) -59.73) -59.27) -43.17) -42.67) -1.72) 14.57) 46.28) 21.95) 837) 9.31) 1.80)

C. Mean of weeks 10 and 12

Sub
class 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Measured value, mg/dL

Placebo 094 078 265 446 1346 840 541 2164 4002 1980 601 097 098 056 202 958 1856 1445 450 1.73
£094 £070 £175 +2.88 515 %352 187 %594 £935 633 194 =038 023 =019 =094 £550 448 =206 *0.64 =023

Evolocumab 059 043 126 233 442 368 233 715 11.88 585 180 043 047 046 218 1180 2059 1457 443 1.64
£0.95 £050 £1.05 £1.55 £237 £236 £1.02 £359 671 £343 £0.99 £0.17 £0.16 *020 £132 *683 £456 =209 =0.66 £0.25

Change from baseline, %

Placebo 1731 615 172 116 -053 05 -022 -348 -149 059 037 165 -048 000 -L14 166 -239 -171 -233 032
(-35.00, (-36.41, (-29.08, (-30.25, (-15.27, (-13.03, (-16.04, (-11.80, (-10.15, (-10.22, (-10.39, (-9.21, (-8.25, (-11.48, (-9.87, (-12.38, (-10.16, (-7.34, (-7.90, (-6.39,
104.29) 78.40) 4438) 38.26) 1539) 15.95) 1530) 5.81) 6.22) 1079) 10.18) 1275 7.87) 10.58) 9.85) 14.24) 6.23) 394 587) 6.03)

Evolocumab ~ -27.38 -37.75 -53.09 -48.70 -70.01 -62.36 -59.73 -70.93 -7429 -73.07 -71.94 -57.73 -5422 2222 -099 2785 1015 -0.65 -216 -6.71
(-59.72, (6216, (-67.74, (-64.30, (-76.35, (-70.10, (-66.84, (-77.00, (-79.71, (-78.70, (-78.27, (-66.67, (-62.50, (-33.78, (-12.34, (8.08, (0.76, (-6.51, (-8.56, (-10.98,
25.00) 10.81) -32.38) -22.77) -62.35) -52.70) -48.15) -63.33) -67.00) -65.19) -64.17) -47.12) -45.57) -7.35) 12.23) 46.67) 18.62) 5.78) 6.48) -0.29)

Data are expressed as mean *SD or median (interquartile range).
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Supplemental Fig. 1. Absolute value and percent change from baseline for concentration of TG in 20 lipoprotein subclasses

A, baseline values; B, values at week 12; C, change from baseline to week 12. In A and B, values indicate mean = SD; C, median and 1st and

3rd quartiles (Q1, Q3). Abbreviation: TG, triglyceride.
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Supplemental Table 2. Absolute value and percent change for concentration of TG in 20 subclasses

A. Baseline

Sub
class 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Measured value, mg/dL
Placebo 535 453 13.64 2550 2948 1485 661 975 961 442 142 043 034 025 069 321 504 326 081 1.14
1046 =517 £10.89 1628 1435 %606 =212 254 241 %127 045 028 =018 =015 046 *1.95 214 +1.28 042 =027

Evolocumab 498 443 1356 2595 3038 1541 659 975 966 444 141 044 035 025 075 330 505 332 084 LIS
+829 561 +12.82 £19.27 £16.36 *6.64 *2.09 266 =265 *1.39 048 025 0.6 =015 =060 #2.22 *220 *138 045 #0.25

B. Week 12

Sub
cass1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Measured value, mg/dL
Placebo 475 436 1336 2532 29.60 1525 668 977 9.63 446 142 043 034 025 069 321 494 322 081 1.13
£599 £465 £11.76 £18.29 £15.72 %642 £2.02 £241 =£245 =136 %048 =022 0.4 =012 =040 £1.82 +1.87 +1.19 039 =020
Evolocumab 419 341 1009 19.02 2159 1195 498 686 623 291 093 034 027 021 076 3.68 491 296 073 109
912 £514 £10.83 £15.15 £1298 %552 £151 =175 170 £092 =033 %023 0.5 =016 062 £251 =244 +134 £041 =£0.25

Change from baseline, %
Placebo 598 -9.83 -1097 510 053 377 18 089 130 116 074 000 000 303 619 508 067 -060 133 0.00
(-44.44, (-44.50, (-38.34, (-33.18, (-21.55, (-15.04, (-12.15, (-9.44, (-7.83, (-8.93, (-10.81, (-18.00, (-11.54, (-17.24, (-20.00, (-17.21, (-15.14, (-15.95, (-20.00, (-6.72,
7143) 58.17) 37.45) 36.20) 22.80) 25.40) 16.48) 1243) 7.62) 10.20) 11.76) 22.22) 17.02) 25.00) 31.48) 21.57) 1821) 17.43) 2632)  8.41)
Evolocumab  -24.76 -29.86 -30.90 -27.75 -31.39 -20.99 -25.53 -29.88 -3538 -34.13 -33.57 -2051 -2059 -1667 196 1144 -3.83 -1033 -1148 -3.19
(-64.03, (-60.53, (-57.02, (-49.10, (-44.96, (-39.05, (-34.10, (-37.96, (-42.98, (-43.22, (-42.15, (-38.10, (-35.29, (-37.50, (-21.54, (-8.65, (-21.81, (-29.73, (-30.77, (-10.95,
55.23) 36.29) 9.54) 3.12) -1279) -520) -9.85) -19.29) -26.23) -23.86) -22.73) -5.26) -7.41) 5.56) 25.00) 39.56) 17.34) 7.92) 12.36) 3.89)

C. Mean of weeks 10 and 12

Sub
class 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Measured value, mg/dL
Placebo 488 439 1317 2484 2927 1516 660 9.63 945 438 141 043 034 025 069 317 487 319 080 LI3
£522 %399 £994 £1534 £1349 580 £191 %237 238 £128 =044 020 £0.13 =011 =038 =175 =177 109 £035 =£0.19
Evolocumab 426 334 966 1805 2058 1159 488 667 595 276 089 034 027 021 076 366 490 294 072 1.08
810 %438 £9.04 £12.67 £11.15 489 £143 =164 152 #080 =028 021 #0.13 =014 056 #228 =210 *1.18 #037 =£0.23

Change from baseline, %
Placebo 1029 039 495 437 -1.00 152 032 029 -1.05 -079 084 244 1.85 263 541 166 -112 -135 283 040
(-38.51, (-30.95, (-32.80, (-27.27, (-18.78, (-12.33, (-11.02, (-10.18, (-9.36, (-9.83, (-10.00, (-10.83, (-8.93, (-14.71, (-15.07, (-12.93, (-14.31, (-16.72, (-17.91, (-7.02,
102.94) 69.89) 39.36) 32.13) 23.26) 20.60) 1442) 897) 557) 8.07) 8.82) 21.67) 15.63) 27.50) 28.70) 21.29) 16.71) 16.80) 23.44)  7.43)
Evolocumab ~ -6.87 -19.64 -26.58 -28.66 -32.83 -24.32 -24.02 -30.78 -38.12 -36.88 -34.95 -21.43 -2059 -1471 423 1421 -2.63 -10.28 -1143 -3.40
(-52.78, (-50.22, (-53.56, (-48.38, (-47.32, (-38.62, (-36.66, (-38.42, (-43.78, (-44.61, (-43.50, (-35.71, (-34.48, (-34.38, (-16.67, (-6.91, (-19.43, (-26.46, (-28.95, (-11.56,
7073) 39.73) 1025) -2.66) -15.53) -10.35) -14.52) -23.25) -29.16) -27.72) -2650) -5.56) -8.70) 3.33) 30.65) 43.40) 20.54) 8.12) 12.50) 3.76)

Data are expressed as mean * SD or median (interquartile range). Abbreviation: TG, triglyceride.
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Supplemental Table 3. Absolute value and percent change for particle size in 20 subclasses

A. Baseline
Sub
class3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Measured value, nM
Placebo 387 1271 3750 4527 4096 19043 53031 302.87 105.83 2447 3631 3370 17172 1344.83 4251.06 5547.59 2977.38 143547
£294 £796 1424 £16.12 +13.08 £45.65 £121.46 +89.74 £3147 %935 £846 +10.84 *76.06 £722.57 90749 +777.31 +457.00 *268.65
Evolocumab 386 13.00 38.84 4799 4139 196.07 550.65 311.85 107.98 2542 3730 33.74 181.34 1363.02 4195.35 5540.57 2965.98 1453.44
+348 +9.53 £16.54 £18.68 £13.64 £51.42 14849 +102.70 £34.19 £942 £857 +10.88 £100.18 £832.96 +898.01 £803.46 +429.02 £274.55
B. Week 12
Sub
cass3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Measured value, nM
Placebo 379 1257 3738 4602 40.85 188.22 528.18 306.64 107.17 24.66 3637 33.64 17276 135835 4191.19 5457.31 2947.62 1445.52
+3.17 +897 £15.58 £16.86 +11.81 £46.13 £120.62 %9671 £3454 £9.70 £8.87 £9.93 £7859 £750.01 +949.54 £746.88 +420.19 £252.88
Evolocumab 262 888 21.18 2889 2345 8020 19296 11222 39.85 1336 2020 27.83 187.14 164156 4579.64 5511.89 292878 1394.76
£275 £696 +11.68 £12.94 £7.62 £30.74 £92.84 £57.02 £1935 %5.65 £6.29 +11.25 £111.36 £911.73 £93147 £792.98 +431.67 29675
Change from baseline, %
Placebo 966 503 038 197 170 -Ll1 0.26 212 168 135 -038 230 1.87 204 -1.09 101 -1.26 0.55
(-34.68, (-31.26, (-16.78, (-12.21, (-11.96, (-10.52, (-8.45, (-9.22, (-10.36, (-10.58, (-7.01, (-10.07, (-10.58, (-10.78, (-8.75, (-7.11, (-8.87, (721,
33.04) 32.53) 17.36) 15.25) 17.28) 8.66)  9.58) 1272) 12.65) 1241) 9.79) 13.75) 14.60) 18.13)  691) 4395  7.63) 10.25)
Evolocumab  -36.93 -31.96 -47.87 -39.44 -42.65 -60.10 -65.99 -65.69 -64.23 -47.45 -4651 -19.15 086 25.73 941 008 095 438
(-60.44, (-52.18, (-58.18, (-53.57, (-51.84, (-66.54, (7291, (-72.44, (-71.45, (-57.60, (-54.89, (-33.98, (-12.64, (5.00, (0.19, (-6.33, (9.67, (-IL15
0.88) -3.03) -34.39) -23.64) -32.00) -52.20) -57.38) -55.41) -54.62) -35.92) -38.21) -3.34) 16.62) 4148) 19.23) 6.39)  7.52) 4,61)
C. Mean of weeks 10 and 12
Sub
class3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Measured value, nM
Placebo 376 1240 37.10 4574 4055 185.63 51831 301.27 10552 24.61 36.04 3339 171.04 1333.85 4144.13 5430.76 2936.72 1434.67
£2.69 +7.59 £13.62 £15.89 £11.37 £43.92 £11433 291.83 £32.62 £934 £842 2950 £76.47 £715.05 89249 £715.39 £393.33 £234.14
Evolocumab 252 844 2014 2791 2288 7587 17586 101.19 3611 1262 1929 2732 185.48 1625.46 4535.65 5419.80 2866.17 1357.59
£229 £580 £10.10 £11.70 %736 £28.87 #8377 £50.67 £16.93 *5.07 £579 +10.61 £109.08 +884.02 +883.84 +719.77 +403.34 *268.80
Change from baseline, %
Placebo 282 191 273 240 006 -257 -142 043 -068 0069 -0.13 010 -0.18 063 -2.08 -218 226 0.32
(-32.21, (-27.13, (-16.32, (-13.01, (-11.97, (-11.22, (-9.73, (9.87, (-10.61, (9.71, (-7.56, (-8.04, (-9.59, (-10.23, (9.14, (-7.24, (739, (-7.27,
37.97) 31.85) 18.46) 15.80) 1237) 6.46)  5.89)  972) 9.58) 12.44) 7.52) 10.89) 1037) 13.77)  497) 378  6.05)  7.02)
Evolocumab  -33.66 -32.80 -49.21 -42.26 -4443 -62.40 -69.63 -69.07 -67.45 -50.34 -48.08 -20.51 041 2322 801 174 354 795
(-56.87, (-52.85, (-59.29, (-52.41, (-52.40, (-68.02, (-75.10, (7454, (-73.44, (-39.81, (-57.80, (3275, (-1207, (732, (0.87, (-7.15, (-10.44, (-12.80,
-2.70) -7.31) -37.82) -3L61) -35.06) -55.71) -62.59) -60.74) -59.98) -39.57) -40.56) -6.95) 14.50) 43.57) 15.82)  4.23) 5.50) L5

Data are expressed as mean *SD or median (interquartile range).
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Supplemental Table 4. Patient baseline characteristics by presence/absence of diabetes mellitus

Patients with diabetes Patients without diabetes
Placebo (2 =103) Evolocumab (7 =94) Placebo (2 =99) Evolocumab (7 =108)
CM-C, mg/dL 1.89+2.47 1.69£2.32 1.62£2.76 1.75+2.46
HDL-C, mg/dL 49.56%8.61 52.92+11.21 55.12+12.88 51.43%+12.27
LDL-C, mg/dL 90.37+21.26 91.98+21.47 91.90x22.27 96.96+30.14
VLDL-C, mg/dL 34.72+12.17 36.24%+12.79 34.86+14.23 36.60%=16.72

Abbreviations: CM-C, chylomicron cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipopro-
tein cholesterol; VLDL-C, very low-density lipoprotein cholesterol. Data are expressed as mean = SD. Samples were assessed
by high-performance liquid chromatography (HPLC).

A treatment group B C
e—ae Fvolocumab
(mg/dl)  e—e Placebo (mg/dL) ° (%)
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Supplemental Fig.2. Absolute value and percent change from baseline for concentration of cholesterol in 20 lipopro-
tein subclasses by presence/absence of diabetes mellitus

A, value at baseline in patients with diabetes; B, value at week 12 with diabetes; C, change from baseline to week 12 with diabe-
tes; D, baseline in patients without diabetes; E, week 12 without diabetes; F, change from baseline to week 12 without diabetes.
In A, B, D, and E, values indicate mean * SD; C and F, median and 1st and 3rd quartiles (Q1, Q3).
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Supplemental Table 5. Absolute value and percent change for concentration of cholesterol in 20 subclasses by presence/absence of
diabetes mellitus

A. Baseline
Sub
class 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
DM
Measured value, mg/dL
Placebo 105 084 285 470 1351 819 550 2193 40.60 19.87 6.03 096 098 054 185 836 1811 1452 449 170

162 £0.89 £1.99 +3.03 450 £3.02 *1.96 %570 £9.74 +653 *2.02 *036 024 %019 =0.65 =417 *377 £214 =079 =025
Evolocumab 093 077 264 460 1416 930 555 2246 4154 1999 599 099 L0I 058 215 990 1913 1490 452 174
142 £093 £201 322 =447 £385 *190 %519 £10.15 #671 =1.85 =040 =021 020 =117 #627 =411 =224 0.9 =0.28

Non-DM
Measured value, mg/dL
Placebo 091 072 253 436 1384 863 550 2263 4136 1992 602 097 100 060 221 1097 1995 1500 463 176

193 086 £173 +2.87 %593 401 222 660 £1035 598 =178 =037 022 022 =112 #653 %512 £232 =073 =0.25
Evolocumab 095 081 279 484 1434 897 567 23.69 4384 2105 633 1.02 103 056 211 961 1836 1451 453 175
£144 £1.03 £238 £3.8) 684 =452 £246 £8.09 £14.00 =753 223 =035 026 020 +121 648 +486 +228 +0.68 +0.26

B. Week 12
Sub
class 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
DM
Measured value, mg/dL
Placebo 092 077 268 449 1322 820 545 2163 4028 2010 613 100 099 059 1.82 839 1793 1430 446 171

112 2082 £2.04 £330 462 £3.00 =180 596 974 =677 215 =040 026 £0.18 =070 466 =436 215 2070 £0.25
Evolocumab 048 040 126 245 461 403 242 739 1257 628 192 045 049 046 219 1172 2112 1515 455 1.67
060 041 £1.02 *1.66 211 %258 092 284 %522 305 =084 =0.18 0.4 =021 =128 668 =455 %229 =071 =026
Change from baseline, %
Placebo 2151 238 667 -6.86 -193 -125 092 -214 -051 414 361 382 268 465 -L10 494 -1.66 052 021 1.16
(-44.73, (-43.33, (-34.48, (-37.70, (-16.99, (-12.18, (-12.99, (-12.13, (-10.35, (-11.02, (-11.19, (-9.09, (-8.05, (-9.09, (-11.92, (-18.05, (-11.55, (-7.57, (-9.28, (-6.63,
53.85) 50.00) 32.33) 37.35) 12.28) 16.83) 16.07) 9.96) 9.38) 14.24) 13.87) 15.38) 9.48) 1833) 13.16) 2297) 933) 5.80) 825 9.20)
Evolocumab  -30.20 -38.23 -50.68 -45.51 -69.77 -58.39 -56.01 -68.87 -72.27 -70.42 -70.02 -54.64 -53.55 -23.58 -3.57 2253 995 189 071 436
(-72.73, (-72.73, (-71.98, (-65.63, (-76.44, (-70.37, (-66.01, (-74.80, (-77.09, (-77.42, (-76.10, (-64.13, (-60.38, (-37.93, (-13.73, (091, (0.13, (-4.45, (-7.58, (-9.38,
33.33) 18.00) -21.19) -17.56) -58.55) -46.29) -45.15) -60.61) -61.76) -59.81) -58.52) -43.17) -43.01) -2.50) 16.11) 41.60) 21.87) 9.12) 9.11) 179

Non-DM
Measured value, mg/dL
Placebo 086 073 257 437 1377 870 541 2224 4127 2020 609 096 100 059 226 1L16 1961 1472 456 176

£1.03 2081 203 £330 =719 451 2209 %663 £10.10 659 197 2038 023 £0.20 =114 2648 =505 =214 £0.67 £0.25
Evolocumab 069 047 134 241 474 368 240 793 1379 686 211 047 051 047 222 1211 2053 1455 450  1.68
152 %077 146 204 =289 238 +£1.16 =462 9.05 £450 =135 021 £0.19 =021 138 £733 =502 239 #076 =029
Change from baseline, %
Placebo 000 217 215 -113 -023 113 029 -162 218 298 220 -130 -1.08 000 159 048 204 -262 -200 055
(-55.56, (-55.88, (-37.19, (-31.50, (-16.57, (-12.80, (-19.83, (-12.32, (-8.19, (-8.68, (-9.11, (-12.50, (-7.92, (-11.94, (-11.01, (-9.93, (-8.76, (-9.30, (9.65, (-5.71,
95.57) 7391) 37.44) 28.66) 1529) 1561) 17.86) 6.10) 8.05) 13.09) 13.28) 11.76) 8.60) 9.46) 16.76) 18.61) 6.67) 5.82) 7.27) 8.44)
Evolocumab ~ -40.00 -43.49 -55.11 -50.46 -67.92 -6125 -57.93 -67.26 -69.51 -69.34 -68.81 -53.95 -5147 -16.67 -0.41 29.88 1170 0.5 0.5 -4.06
(-71.43, (-68.62, (-72.31, (-63.25, (-73.75, (-67.91, (-65.96, (-76.24, (-79.48, (-76.72, (-76.81, (-63.64, (-59.13, (-32.50, (-12.37, (10.28, (2.54, (-5.50, (9.7, (-9.42,
0.00) -12.88) -37.56) -27.32) -60.63) -50.60) -44.08) -59.38) -62.19) -59.73) -59.32) -43.18) -42.53) 1.72) 13.55) 47.98) 23.59) 8.09) 931) 1.80)

C. Mean of weeks 10 and 12

Sub
cass1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

DM
Measured value, mg/dL
Placebo 097 081 271 455 1315 816 541 2122 3938 1968 600 099 097 054 181 831 1778 1426 445 170

093 071 £178 +294 =414 £293 171 %537 £895 645 £2.05 =040 025 %017 =0.66 *433 408 =211 0.9 =024
Evolocumab 051 040 121 230 431 387 233 687 1122 553 170 041 046 046 218 1169 2083 14.84 446 1.63
+0.57 £036 *0.83 *133 =173 =243 =088 =263 #4535 250 =070 =0.16 0.4 020 =131 653 421 =211 =0.65 =0.25
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Evolocumab Effect on Lipoprotein by HPLC

(Cont. Supplemental Table 5)

Sub
class 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Change from baseline, %
Placebo 1699 739 069 -067 -117 -240 038 -351 -3.03 -031 -051 156 -046 037 -255 316 -150 -1.12 -143 077
(-30.98, (-33.24, (-25.97, (-31.27, (-16.60, (-12.97, (-14.55, (-11.54, (-11.00, (-10.75, (-10.41, (-8.28, (-6.31, (-11.29, (-11.96, (-15.84, (-9.94, (-7.26, (-7.39, (-6.60,
101.99) 81.88) 42.70) 43.09) 13.36) 1646) 13.26) 5.81) 7.03) 889) 9.57) 13.92) 7.5 14.58) 8.26) 15.97) 7.09) 430) 7.20) 6.10)
Evolocumab  -19.97 -2832 -49.88 4590 -71.07 -61.85 -58.64 -70.66 -74.16 -72.09 -7130 -56.97 -54.80 -23.63 -0.59 25.00 10.16 0.01 -1.58 -6.71
(-60.61, (-62.50, (-67.74, (-63.96, (-76.53, (-69.19, (-66.02, (-76.46, (-80.05, (-79.63, (-79.26, (-67.50, (-62.74, (-35.42, (-10.90, (4.18, (-0.05, (-5.24, (-8.30, (-10.37,
37.04) 14.71) -30.22) -22.43) -61.81) -50.76) -47.69) -63.37) -66.48) -66.43) -65.50) -46.09) -45.68) -8.77) 10.42) 44.70) 17.76) 6.03) 6.36) -0.89)

Non-DM
Measured value, mg/dL
Placebo 090 075 258 437 1378 865 540 2205 40.66 1992 602 096 099 058 223 1086 1936 14.64 455 175

£095 070 =174 £2.84 =601 +403 £2.04 =646 =974 623 183 036 =022 =019 =112 624 =474 £200 =059 =022

Evolocumab ~ 0.67 046 130 234 451 352 234 740 1246 614 189 044 048 045 219 1189 2037 1432 440 164
£1.20 060 +121 +174 +2.82 230 113 +427 #815 £407 +118 =019 2017 £020 133 =7.12 +485 £206 +0.68 +0.26

Change from baseline, %

Placebo 2264 227 1333 311 010 075 024 -284 096 155 192 165 048 -056 118 0.8 -394 -216 -261  0.00
(-39.13, (-41.47, (-35.31, (-28.63, (-14.46, (-13.56, (-16.19, (-13.17, (-9.13, (-9.76, (-10.39, (-9.88, (-8.82, (-11.49, (-8.33, (-10.72, (-10.25, (-8.11, (-7.99, (-5.59,

10429) 77.29) 4894) 36.40) 1541) 1540) 17.15 640) 5.27) 1185 1115) 10.89) 8.10) 893) 11.25) 1211) 580 290) 552) 6.03)

Evolocumab  -33.33 -40.88 -53.61 -50.93 -69.31 -63.61 -60.08 -71.73 -7446 -73.52 -72.32 -57.79 -5349 2111 206 2887 1005 -1.54 -283 671
(-58.77, (-61.71, (-66.27, (-64.71, (-75.71, (-70.54, (-67.14, (-77.12, (-78.86, (-78.58, (-77.71, (-65.45, (-61.80, (-32.26, (-12.63, (9.79, (2.18, (-7.28, (-9.12, (-11.54,

6.00)  6.72) -35.87) -23.45) -63.07) -54.63) -49.02) -63.15) -67.32) -64.32) -63.04) -48.19) -45.57) -7.14) 12.23) 47.77) 20.06) 4.26) 6.71)  0.00)

Abbreviation: DM, diabetes mellitus. Data are expressed as mean =SD or median (interquartile range).
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Supplemental Fig.3. Absolute value and percent change from baseline for concentration of TG in 20 lipoprotein
subclasses by presence/absence of diabetes mellitus

A, value at baseline in patients with diabetes; B, value at week 12 with diabetes; C, change from baseline to week 12 with diabe-
tes; D, baseline in patients without diabetes; E, week 12 without diabetes; F, change from baseline to week 12 without diabetes.
In A, B, D, and E, values indicate mean =SD; C and F, median and 1st and 3rd quartiles (Q1, Q3). Abbreviation: TG, triglyc-
eride.
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Supplemental Table 6. Absolute value and percent change for concentration of TG in 20 subclasses by presence/absence of diabetes

mellitus
A. Baseline
Sub
cass1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
DM
Measured value, mg/dL
Placebo 601 502 1489 2741 3075 1523 677 972 929 421 136 044 034 025 066 3.02 504 332 083 LIS
£9.86 £5.25 £11.19 £16.28 £13.64 £5.62 +198 £237 216 =111 040 023 015 014 =045 =196 £214 =126 =039 021
Evolocumab 492 422 1282 2457 290 1512 652 955 925 418 133 042 034 024 074 332 499 325 080 1.14
+881 +5.23 £10.92 £15.94 £14.08 £6.55 #2.04 £239 226 +121 042 024 =016 =0.15 =066 =237 =210 =128 =040 023
Non-DM
Measured value, mg/dL
Placebo 466 402 1234 2353 2817 1445 645 978 995 463 148 042 034 024 072 341 504 320 0.0 1.12
£11.05 %508 1049 +16.13 1500 650 225 +271 +261 +138 050 +032 +0.20 017 048 +1.93 214 130 =045 =031
Evolocumab 503 463 1422 2719 3154 1567 666 994 1003 468 149 046 036 026 075 329 510 339 087 LIS
+784 595 £1435 £21.85 +18.16 =675 *214 +2.87 %292 +150 %052 =026 0.6 =016 =054 £2.09 *2.29 =146 =049 =0.26
B. Week 12
Sub
class 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
DM
Measured value, mg/dL
Placebo 517 471 1433 2682 3050 1550 683 975 934 429 138 044 035 026 064 293 491 327 084 114
6,62 %514 £13.07 £19.90 £1620 =631 201 =231 217 122 =045 024 0.5 =014 033 #1.62 =190 =124 =041 =021
Evolocumab 343 314 981 1870 2131 1199 498 676 596 271 087 032 026 019 069 346 474 288 0.9  1.08
450 £326 £827 £12.55 £11.84 £520 134 =144 =131 2069 023 015 009 =0.09 =046 +198 +1.83 £1.05 =030 =0.7
Change from baseline, %
Placebo -12.82 1429 -1596 -15.15 477 047 356 155 135 161 100 000 313 263 465 458 -1.24 323 141 0.00
(-42.15, (4516, (-41.46, (-35.78, (-26.49, (-17.61, (-10.71, (-8.58, (-7.53, (-8.92, (-12.77, (-20.00, (-14.89, (-21.15, (-20.73, (-17.81, (-13.92, (-13.60, (-16.67, (-7.92,
68.78) 55.33) 28.97) 28.78) 25.40) 25.40) 15.70) 12.60) 10.78) 10.92) 13.28) 22.73) 17.02) 27.78) 28.13) 22.70) 16.87) 1833) 25.93) 6.12)
Evolocumab  -21.49 -28.17 -29.68 -27.08 -30.31 -1828 -2253 -28.63 -34.93 -35.03 -33.89 -1838 -22.05 -1667 331 1424 -216 -781 -929 -1.98
(-60.78, (-56.39, (-51.66, (-46.46, (-43.19, (-35.76, (-32.58, (-37.27, (-43.43, (-41.64, (-40.56, (-38.46, (-36.11, (-37.04, (-21.09, (-8.24, (-19.79, (-24.70, (-29.41, (-10.95,
74.06) 47.86) 17.93) 6.31) -12.10) -1.47) -8.06) -18.56) -27.28) -24.01) -22.73) -2.44) -476) 13.33) 31.11) 39.25) 18.07) 5.29) 9.59)  4.00)
Non-DM
Measured value, mg/dL
Placebo 433 401 1238 2381 2870 1501 654 978 993 462 147 041 034 024 075 350 498 317 078 1.12
£528 409 £1025 £1648 £1525 655 =204 252 +2.68 148 050 =020 0.3 £0.10 =045 =197 =184 =115 2037 =0.19
Evolocumab 487 366 1035 1931 2183 1191 498 694 647 308 099 037 029 023 08 388 506 304 077 110
1179 %637 £12.73 £17.20 £13.96 +5.82 1.66 =200 *1.96 *1.05 =039 029 =018 =021 074 290 =288 =155 =049 +0.30
Change from baseline, %
Placebo 215 268 516 089 435 630 089 057  1.03 081 -134 000 000 429 927 619 222 252 216 036
(-48.84, (-41.31, (-36.39, (-30.19, (-16.03, (-12.92, (-13.79, (-9.45, (-9.07, (-8.95, (-10.34, (-12.50, (-10.87, (-11.76, (-19.75, (-17.21, (-16.04, (-17.00, (-24.55, (-5.43,
79.48) 66.46) 37.78) 38.33) 2243) 26.64) 21.10) 1243) 6.12) 7.76) 10.90) 19.18) 20.00) 20.00) 40.35) 21.34) 20.25) 16.99) 27.50) 10.53)
Evolocumab  -26.65 -32.74 -31.38 -2849 -3222 -23.33 -26.09 -30.88 -35.59 -33.10 -32.23 -23.81 -2000 -16.67 1.69 1127 -397 -10.89 -1333 -531
(-65.40, (-61.19, (-58.99, (-51.68, (-48.60, (-41.63, (-34.67, (-38.42, (-42.53, (-43.22, (-42.57, (-37.84, (-34.88, (-40.00, (-21.74, (-8.65, (-23.68, (-31.79, (-34.15, (-10.91,
27.07) 20000 657) -1.93) -I5.11) -6.28) -1232) -20.99) -23.65) -23.22) -22.86) -625) -870) 0.00) 21.21) 4234) 1642) 10.08) 1471) 2.63)
C. Mean of weeks 10 and 12
Sub
cass1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
DM
Measured value, mg/dL
Placebo 520 470 1408 2620 3005 1544 673 962 9.8 424 137 045 034 026 064 294 485 323 082 1I3
£522 418 £10.75 £16.51 £13.82 £596 +£133 £231 217 =118 042 021 =013 =012 =032 =162 =184 =113 =037 +0.19
Evolocumab 359 307 925 1743 1997 1152 488 658 571 258 083 031 025 020 071 350 474 287 0.69 1.07
426 +2.82 674 £1010 +9.80 *4.61 £133 +142 £123 064 =021 0.3 =008 =009 =046 =191 =161 =094 =027 #0.16
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Evolocumab Effect on Lipoprotein by HPLC

(Cont. Supplemental Table 6)

Sub
class 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Change from baseline, %
Placebo 786 040 -11.91 -1005 -674 -139 020 056 -026 045 000 064 209 208 452 -069 -166 -291 025 -051
(-36.34, (-31.11, (-32.63, (-26.53, (-19.74, (-12.58, (-9.53, (-9.49, (-7.60, (-7.67, (-8.74, (-8.90, (-8.88, (-15.45, (-13.28, (-12.72, (-14.28, (-13.87, (-15.87, (-7.53,
10347) 71.75) 3238) 17.27) 1540) 1821) 1022) 7.28) 6.81) 8.17) 7.21) 20.14) 14.58) 24.75) 22.79) 21.55) 17.79) 13.93) 21.85) 7.08)
Evolocumab 472 -10.99 -2452 -25.29 -31.02 -23.19 -2254 -2943 -3841 -37.09 -35.52 -19.88 -16.42 -11.08 5.66 1345 -3.52 -1091 -10.65 -217
(-54.08, (-50.00, (-47.85, (-45.54, (-43.98, (-32.61, (-34.82, (-39.05, (-44.34, (-45.07, (-42.75, (-36.62, (-34.48, (-33.33, (-17.90, (-7.09, (-17.89, (-22.29, (-26.74, (-11.11,
93.51) 38.58) 9.42) -3.54) -15.53) -10.30) -11.74) -20.33) -28.29) -27.06) -26.32) -2.17) -8.70) 7.35) 33.33) 41.08) 18.79) 8.12) 10.11)  3.50)

Non-DM
Measured value, mg/dL
Placebo 456 407 1226 2346 2848 1487 647 964 971 453 145 042 034 024 074 341 489 314 078  LI2

£522 £378 901 £1400 £13.17 565 =189 244 £2.56 =137 046 =019 =012 £0.10 =043 =185 =170 £1.06 =034 =0.18
Evolocumab 485 358 1003 1860 2112 1165 48 674 617 291 094 036 028 022 080 380 503 301 076 109
£1038 540 £10.70 £14.61 £1225 =515 +152 =182 =171 =089 033 2026 =0.16 =018 =064 +258 =245 =135 +044 =027
Change from baseline, %
Placebo 1086 452 290 252 293 278 056 -l74 123 198 -L61 286 175 333 930 255 -L12 075 437 187
(-39.29, (-30.95, (-34.08, (-30.19, (-17.99, (-12.33, (-13.34, (-11.98, (-10.43, (-11.89, (-12.03, (-11.21, (-9.68, (-12.50, (-15.14, (-12.93, (-16.01, (-17.13, (-21.92, (-5.91,
101.52) 69.89) 48.00) 39.37) 28.42) 2335) 1625 13.15) 5.13) 8.07) 10.78) 24.14) 17.86) 28.13) 32.64) 2129) 16.19) 19.53) 33.17) 872
Evolocumab ~ -7.08 -22.11 -30.39 -31.52 -3645 -26.66 -2553 -31.96 -38.12 -36.66 -3474 -2455 -21.15 -1591 000 1459 -1.90 -10.03 -12.80 -446
(-50.92, (-51.59, (-53.72, (-49.95, (-48.22, (-41.45, (-36.81, (-37.78, (-43.61, (-43.93, (-43.79, (-35.56, (-33.33, (-34.38, (-14.47, (-4.76, (-21.30, (-28.06, (-30.77, (-12.21,
70.64) 39.73) 11.14) -0.89) -16.55) -11.37) -15.27) -25.00) -30.11) -29.54) -29.23) -7.69) -8.70) 0.00) 29.22) 43.51) 21.20) 8.08) 12.50) 4.13)

Abbreviations: TG, triglyceride; DM, diabetes mellitus. Data are expressed as mean =SD or median (interquartile range).
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Supplemental Fig.4. Absolute value and percent change from baseline for number of particles in 20 lipoprotein sub-
classes by presence/absence of diabetes mellitus

A, value at baseline in patients with diabetes; B, value at week 12 with diabetes; C, change from baseline to week 12 with diabe-
tes; D, baseline in patients without diabetes; E, week 12 without diabetes; F, change from baseline to week 12 without diabetes.
In A, B, D, and E, values indicate mean * SD; C and F, median and 1st and 3rd quartiles (Q1, Q3).
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Supplemental Table 7. Absolute value and percent change for particle size in 20 subclasses by presence/absence of diabetes mellitus

A. Baseline

Sub

cass3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
DM
Measured value, nM
Placebo 419 1355 3823 4532 4135 18797 523.83 300.81 105.37 2449 3597 3256 158.14 1182.07 4076.83 5480.36 2940.53 1401.30

£305 +8.04 £1347 £15.13 £1226 £42.70 11626 9255 £33.07 =877 861 =10.08 =5694 £563.61 +769.97 £755.65 +466.21 +271.89
Evolocumab ~ 3.68 1239 37.80 47.98 4092 19087 53410 302.18 10441 2482 3675 3407 182.76 138158 4266.91 5593.25 2949.88 1449.89
+300 +8.01 £1375 £17.93 1221 £39.11 +12254 £9623 £30.61 =9.64 +751 =1073 £99.03 +82370 +818.21 +798.69 +415.11 +287.56

Non-DM
Measured value, mg/dL
Placebo 354 1184 3674 4521 4055 19298 53699 305.00 10631 2445 36.66 34.88 18571 1512.68 4430.74 5616.93 3015.39 1470.70

£279 +7.82 £15.04 £17.16 £13.92 +48.60 +126.86 +87.17 £29.89 +9.96 +833 =+11.52 +89.89 +826.09 £1002.95 +797.03 +446.55 +262.02

Evolocumab 403 1355 39.77 4800 41.81 200.75 565.56 32057 11119 2596 37.81 3344 180.05 1346.29 4130.88 5493.11 2980.48 1456.65
£3.87 1073 £1872 £19.41 £14.86 £60.22 £167.71 £107.93 £36.98 £9.23 =944 =11.06 +101.68 £844.98 +963.79 +808.75 +442.74 £263.70

B. Week 12
Sub
class 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
DM
Measured value, nM
Placebo 402 1319 3771 4577 4132 186.14 52053 304.61 107.09 25.26 3625 3318 155.05 1178.62 4026.43 5397.20 2929.25 1415.72

347 £9.65 £15.04 £15.68 +10.96 £43.13 £11621 +96.98 +35.63 £10.00 +9.38 +10.01 %5729 £607.35 =873.29 £770.86 +438.73 =249.40
Evolocumab 255 877 2090 2945 2350 7791 183.80 106.50 37.69 1279 19.56  27.28 18290 1601.74 4618.65 5600.32 2928.71 1391.88
+2.12 £5.82 £10.52 £12.62 +6.61 £22.66 =65.08 =44.92 £1433 +473 £509 =10.16 10432 +864.66 +896.90 +795.47 +423.75 *273.16

Change from baseline, %
Placebo -13.33 -1353  -285 182 220 -1.59  -LI5 264 28 246 0.00 403 -041 3.78 088 -112  -0.38 1.41
(-38.67, (-32.94, (-20.02, (-12.59, (-11.56, (-10.52, (-10.40, (-10.69, (-10.36, (-11.77, (-7.99, (-10.07, (-10.58, (-17.26,  (-9.75, (-7.05, (-9.13, (-7.40,
3191) 3035 17.36 1447) 1615 1028) 10.03) 1272) 1276) 13.06) 1036) 1527) 12.74) 20.49) 729) 435 938) 10.67)
Evolocumab  -33.49 -31.22 -47.87 -3793 -41.96 -6043 -68.33 -66.54 -64.86 -4820 -47.87 -22.38  -448 18.19 8.26 061  -0.44 -4.84
(-57.69, (-50.26, (-57.20, (-52.80, (-51.82, (-65.19, (-72.90, (-72.86, (-71.97, (-57.76, (-55.61, (-35.32, (-12.42, (-1.22,  (-1.39, (525, (846, (-11.45,
6.96) -0.87) -3439) -21.98) -31.07) -53.30) -57.64) -56.30) -55.07) -36.27) -38.84) -5.65) 1474) 3878) 17.87)  6.95)  6.87) 2.43)

Non-DM
Measured value, mg/dL
Placebo 356 1195 37.05 4627 4038 19032 53591 308.69 107.25 24.04 3650 3410 190.66 1539.99 4357.70 5518.06 2966.18 1475.64

283 £8.23 +16.18 £18.06 £12.64 +49.12 £125.08 +96.91 %3358 =£9.40 837 =£9.87 +9232 £83543 =£998.02 +720.85 £402.08 =254.11
Evolocumab 269 898 2143 2840 2341 8224 20111 11732 4177 13.87 2076 2831 190.92 1677.04 4544.89 5433.09 2928.84 139733
+32) +7.86 £12.67 £13.26 845 £36.47 £111.65 +65.76 +22.82 £633 +7.18 +12.18 £117.66 £954.60 =964.35 £786.30 +440.71 =317.63
Change from baseline, %
Placebo 039 -1.20 310 216 -0.52 -0.90 1.61 194 142 014 -130 0.03 3.52 0.87 171 098 -1.79 0.52
(-32.08, (-30.05, (-14.08, (-11.30, (-12.64, (-11.12,  (-7.53, (-8.55, (-10.95, (-10.32, (-6.88, (-10.35, (-12.13, (-8.90,  (-8.28, (-7.36, (-8.87, (-7.21,
3381) 3525 1836) 1693) 18.28) 8.16) 954 1274) 1208 1175 979  9.90) 17.89) 15.12) 6.76) 484  6.06)  9.21)
Evolocumab  -37.44 -33.81 -47.80 -41.44 -43.57 -58.53 -65.36 -63.89 -63.45 -47.40 -45.90 -14.43 271 3020 958 026 098 4,18
(-61.81, (-53.44, (-62.31, (-56.17, (-52.37, (-67.71, (-72.91, (-72.03, (-71.06, (-57.04, (-52.91, (-33.47, (-12.64, (8.80, (151, (721, (-11.21, (-10.02,
-8.10) -10.43) -35.31) -28.96) -32.70) -52.06) -57.38) -55.41) -54.60) -35.82) -38.00) -143) 18.17) 4576) 19.23)  6.01)  7.82) 5.29)

C. Mean of weeks 10 and 12

Sub
cass3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

DM
Measured value, nM
Placebo 397 1299 3730 4556 4091 182.80 509.30 29845 10496 25.11 3574  32.68 154.14 117031 3990.64 5377.22 2915.11 1405.45
+289 812 £13.23 £1545 +10.50 £39.25 £107.36 +92.59 +34.11 +9.64 +883 927 =54.11 £570.60 =823.72 £742.80 +420.86 =243.42
Evolocumab 241 819 1957 2827 2284 73.60 16679 9540 34.02 1210 1872 2732 183.05 1601.94 4563.74 5495.60 2871.66 1356.90
172 466 861 £11.33 =655 2156 =£57.73 +37.65 #1223 =418 =494 =10.03 £106.87 £843.94 =823.49 +737.16 £391.40 +261.14
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Evolocumab Effect on Lipoprotein by HPLC

(Cont. Supplemental Table 7)

Sub
cass3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Change from baseline, %
Placebo 559 864 442 249 057 286 266 039 -133 157 -0.19 051 242 1.25 082 223 -150 0.98
(-32.52, (-27.34, (-17.04, (-13.32, (-11.59, (-11.18, (-9.90, (-9.66, (-10.12, (-7.23, (-7.29, (-7.92, (-10.60, (-12.64,  (-8.90, (-6.45, (-7.70, (-5.81,
3632) 19.48) 14.65) 14.48) 11.15) 690)  6.18)  9.41) 956) 1247) 693) 1287)  9.61) 16.87) 6.02) 394 623 754
Evolocumab  -31.15 -3045 -47.94 -40.55 -43.70 -62.13 -70.35 -68.26 -67.12 -50.35 -4850 -22.51 0.02 2028 704 -151  -3.01 -7.68
(-56.47, (-51.00, (-57.29, (-50.05, (-52.19, (-68.18, (-75.76, (-74.77, (-74.24, (-59.87, (-58.19, (-32.87, (-12.66, (2.73, (0.04, (-6.16, (-8.95, (-12.34,
-3.10) -8.11) -38.15) -30.23) -33.81) -55.74) -61.81) -62.40) -61.12) -39.57) -41.23) -9.07) 11.91) 34.68) 1495 409 476 -0.17)

Non-DM
Measured value, mg/dL
Placebo 354 1181 3690 4592 40.18 18848 52742 304.12 106.09 24.10 3633  34.11 188.11 1499.10 4299.24 5484.87 2958.55 1464.19

+247 £7.01 £1406 1641 £1223 +4822 +120.85 +91.46 +31.22 +9.04 +8.03 972 =90.96 £805.92 +935.90 +686.25 +364.34 +221.75
Evolocumab ~ 2.61  8.66 2064 2759 2290 7790 18393 10634 37.97 13.09 1980 27.32 187.65 164641 4510.62 5352.26 286128 1358.20
£270 £6.67 £1128 £12.06 8.05 £3407 £101.12 £59.66 £20.10 +5.73 =644 =115 11149 £921.96 +937.74 £700.67 +415.57 +276.74
Change from baseline, %
Placebo 072 68 145 162 163 -223 089 136 163 035 062 -0.09 199 040 237 218 244 027
(-30.95, (-26.92, (1477, (-8.84, (-13.67, (-11.71, (-843, (993, (-10.79, (-10.29, (-8.28, (812, (871, (820, (941, (7.83, (676, (-7.71,
40.83) 36.160) 21.65) 17.03) 1553) 645 519  9.98) 1072) 1244) 759) 855 1259) 9.80)  257) 347) 605  687)
Evolocumab  -35.81 -35.19 -50.45 -44.47 -4531 -63.49 -0926 -09.19 -67.78 -4893 -47.95 -1848 079 2561 896 217 371 825
(-56.93, (-53.10, (-59.96, (-53.72, (-52.86, (-67.94, (7430, (-73.42, (-72.93, (-38.68, (-56.95, (-31.23, (-11.20, (10.32, (191, (821, (-11.32, (-13.56,
-2.09) -7.31) -37.50) -32.99) -35.96) -55.26) -63.03) -60.48) -59.48) -39.70) -40.48) -6.03) 1531) 44.19) 1830)  423) 581) 259

Abbreviation: DM, diabetes mellitus. Data are expressed as mean =SD or median (interquartile range).

Supplemental Table 8. Distribution of LDL particle sizes (absolute values)

Baseline Week 12
Cholesterol particle size of LDL, nm
Placebo 25.94 (25.61, 26.25) 25.92 (25.60, 26.25)
Evolocumab 25.94 (25.71, 26.24) 26.12 (25.81, 26.44)
Change from baseline, %
Placebo 0.00 (-0.81, 0.78)
Evolocumab 0.39 (-0.42, 1.24)

Abbreviation: LDL, low-density lipoprotein. Data are expressed as median (Ist quartile, 3rd quartile).
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Supplemental Fig. 5. Distribution of HDL particle sizes (absolute values)
Values indicate median and 1st and 3rd quartiles (Q1, Q3). Abbreviation: HDL, high-density lipoprotein.
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Supplemental Table 9. Distribution of HDL particle sizes (absolute values)

Baseline Week 12
Cholesterol particle size of HDL, nm
Placebo 10.64 (10.47, 10.85) 10.64 (10.47, 10.89)
Evolocumab 10.63 (10.47, 10.81) 10.73 (10.55, 10.94)
Change from baseline, %
Placebo 0.00 (-0.74, 0.78)
Evolocumab 0.84 (0.00, 1.62)

Abbreviation: HDL, high-density lipoprotein. Data are expressed as median (1st quartile, 3rd quartile).
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Supplemental Fig. 6. Distribution of VLDL particle sizes (absolute values)
Values indicate median and 1st and 3rd quartiles (Q1, Q3). Abbreviation: VLDL, very low-density lipoprotein.

Supplemental Table 10. Distribution of VLDL particle sizes (absolute values)

Baseline Week 12
Cholesterol particle size of VLDL, nm
Placebo 42.79 (41.64, 44.12) 42.45 (41.42, 44.09)
Evolocumab 42.64 (41.63, 43.81) 42.87 (41.65, 44.37)
Change from baseline, %
Placebo -0.29 (-2.66, 2.20)
Evolocumab 0.34 (-1.95, 3.58)

Abbreviation: VLDL, very low-density lipoprotein. Data are expressed as median (1st quartile, 3rd quartile).



Evolocumab Effect on Lipoprotein by HPLC
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Supplemental Fig.7. Absolute value for concentration of cholesterol in 20 high-performance liquid chromatography
(HPLC) subclasses: Patients for whom calculated LDL-C value was 0

A, B and C represent 3 patients in the group treated with a combination of atorvastatin 20 mg (daily) and evolocumab 420 mg
(monthly). For all 3 patients, calculated LDL-C was 0 mg/dL at week 2. Abbreviation: LDL-C, low-density lipoprotein cholesterol.
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