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EDUCTION OF LOW-DENSITY LI-
poprotein cholesterol (LDL-C)
is the cornerstone of cardio-
vascular risk reduction, > with
specific LDL-C goals based on cardio-
vascular outcome trials.'* Statins are
currently the most effective agents for
reducing LDL-C levels.” However, of ap-
proximately 20 million patients treated
with statins,® an estimated 10% to 20%
are unable to tolerate any statins or the
higher doses necessary to achieve cur-
rent LDL-C goals, primarily because of
muscle-related side effects.”

The most effective and frequently
used alternative is ezetimibe, a choles-
terol absorption inhibitor that re-
duces LDL-C levels by 18%,% which
alone is unlikely to achieve LDL-C goals
and is more commonly used in combi-
nation with statins.® However statin-
intolerant patients have a need for more
effective LDL-C—lowering therapies.

Proprotein convertase subtilisin/
kexin type 9 (PCSK9) plays a pivotal
role in cellular cholesterol homeosta-
sis, in which it mediates the binding and
trafficking of LDL receptors.'® Gain-of-
function mutations result in hypercho-
lesterolemia, while loss-of-function mu-
tations are associated with reduction in

Context An estimated 10% to 20% of patients cannot tolerate statins or adequate
doses to achieve treatment goals. Plasma proprotein convertase subtilisin/kexin type
9 (PCSK9) binds to low-density lipoprotein (LDL) receptors, promoting their degra-
dation and increasing LDL cholesterol levels. In phase 1 studies, a human monoclonal
antibody to PCSK9, AMG145, was well tolerated and reduced LDL cholesterol levels.

Objective To assess the efficacy and tolerability of AMG145 in patients with statin
intolerance due to muscle-related side effects.

Design, Setting, and Patients A 12-week, randomized, double-blind, placebo-
and ezetimibe-controlled, dose-ranging study conducted between July 2011 and May
2012 in statin-intolerant adult patients at 33 international sites.

Intervention Patients were randomized equally to 1 of 5 groups: AMG145 alone at
doses of 280 mg, 350 mg, or 420 mg; AMG145 at 420 mg plus 10 mg of ezetimibe;
or 10 mg of ezetimibe plus placebo. AMG145 or placebo was administered subcuta-
neously every 4 weeks.

Main Outcome Measures The primary end point was percentage change from
baseline to week 12 in ultracentrifugation-measured LDL cholesterol. Other end points
included measures of safety and tolerability of different doses of AMG145 and AMG145
plus ezetimibe.

Results Of 236 patients screened, 160 were randomized (mean age, 62 years; 64%
female; mean baseline LDL cholesterol, 193 mg/dL); all patients had intolerance to 1
or more statins because of muscle-related events. At week 12, mean changes in LDL
cholesterol levels were —67 mg/dL (-41%; 95% Cl, —49% to —33 %) for the AMG145,
280-mg, group; =70 mg/dL (-43%; 95% Cl, -51% to —35%) for the 350-mg group;
-91 mg/dL (-51%; 95% Cl, -59% to —-43 %) for the 420-mg group; and —110 mg/dL
(-63%; 95% Cl, =71% to =55%) for the 420-mg/ezetimibe group compared with
-14 mg/dL (-15%; 95% Cl, =23% to -7.0%) for the placebo/ezetimibe group
(P<.001). Four serious adverse events were reported with AMG145 (coronary artery
disease, acute pancreatitis, hip fracture, syncope). Myalgia was the most common treat-
ment-emergent adverse event during the study, occurring in 5 patients (15.6%) in
the 280-mg group (n=32); 1 patient (3.2%) in the 350-mg group (n=31), 1 patient
(3.1%) in the 420-mg group (n=32), 6 patients (20.0%) receiving 420-mg AMG145/
ezetimibe, and 1 patient (3.1%) receiving placebo/ezetimibe.

Conclusion In this phase 2 study in statin-intolerant patients, subcutaneous admin-
istration of a monoclonal antibody to PCSK9 significantly reduced LDL cholesterol lev-
els and was associated with short-term tolerability.

Trial Registration clinicaltrials.gov Identifier: NCT01375764
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plasma LDL-C levels and decreased risk
of cardiovascular disease without de-
tectable adverse effects on other as-
pects of general health.'!* In phase 1
studies, a human monoclonal anti-
body to PCSK9, designated AMG145,
was well tolerated and lowered LDL-C
levels.!> The Goal Achievement after
Utilizing an anti-PCSK9 antibody in
Statin Intolerant Subjects (GAUSS)
study assessed the efficacy and safety
of AMG145 in patients with a docu-
mented history of muscle-related ad-
verse effects with statins.

METHODS

This global phase 2, randomized,
double-blind, placebo- and ezetimibe-
controlled, dose-ranging study was con-
ducted at 33 study sites in North
America, Australia, and Europe be-
tween July 2011 and May 2012. The in-
stitutional review board or indepen-
dent ethics committee at each site
approved the protocol and informed
consent form. All patients provided
written informed consent before study
procedures were performed.

The primary end point was the per-
centage change from baseline at week
12 in LDL-C measured by preparative
ultracentrifugation in patients. Other
objectives included assessment of the
safety and tolerability of 3 different
doses of AMG145 and AMG145 plus
ezetimibe compared with placebo plus
ezetimibe.

The study enrolled adults aged 18 to
75 years with hypercholesterolemia
who were considered statin intoler-
ant. Statin intolerance was defined as
the inability to tolerate at least 1 statin
atany dose or an increase in dose above
weekly maximums of rosuvastatin, 35
mg; atorvastatin, 70 mg; simvastatin,
140 mg; pravastatin, 140 mg; lovasta-
tin, 140 mg; or fluvastatin, 280 mg, be-
cause of intolerable myalgia (muscle
pain, soreness, weakness, or cramps) or
myopathy (myalgia plus elevated cre-
atine kinase [CK]) and having symp-
tom improvement or resolution with
statin discontinuation.

Patients had LDL-C levels above risk-
based goals recommended by the Na-
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tional Cholesterol Education Pro-
gram: 100 mg/dL or greater with
diagnosed coronary heart disease
(CHD) or risk equivalent, 130 mg/dL
or greater without CHD or risk equiva-
lent and 2 or more risk factors, or 160
mg/dL or greater without CHD or risk
equivalent and with 1 or O risk fac-
tors.! (To convert LDL-C to mmol/L,
multiply by 0.0259.)

Eligible patients could receive stable
doses (=4 weeks before screening) of
1 or more of the following: statins less
than or equal to the weekly maxi-
mums listed in a previous paragraph,
bile-acid sequestering resins, or plant
stanols/sterols. Patients taking ezeti-
mibe at the time of initial screening dis-
continued ezetimibe for at least 4 weeks
before the eligibility visit. All patients
were required to have fasting triglyc-
eride values of 400 mg/dL or less at
screening. (To convert triglycerides to
mmol/L, multiply by 0.0113.)

Exclusion criteria included heart fail-
ure (New York Heart Association class
I or IV or left ventricular ejection frac-
tion <30%); uncontrolled serious car-
diac arrhythmia or hypertension; major
cardiac, cerebrovascular, pulmonary, or
venous event within 3 months before
randomization; type 1 diabetes mellitus
or poorly controlled or recently diag-
nosed type 2 diabetes mellitus; thyroid
disease; renal dysfunction, defined as an
estimated glomerular filtration rate less
than 30 mL/min/1.73 m? aspartate ami-
notransferase (AST) or alanine amino-
transferase (ALT) greater than 2 X up-
per limit of normal (ULN); CK greater
than 3 X ULN; and use of systemic cor-
ticosteroids or cyclosporine within the
last 3 months.

Study Procedures

Patients were initially assessed for eli-
gibility with a fasting lipid profile. If eli-
gibility was confirmed by laboratory val-
ues, patients were randomized within
6 weeks. Randomization was done by
interactive voice response system and
was stratified by screening levels of
LDL-C (<130 mg/dL or =130 mg/dL)
and statin use at baseline (yes or no).
Patients were randomized 1:1:1:1:1 to

receive AMG145 alone at doses of 280
mg, 350 mg, or 420 mg, every 4 weeks;
AMG145, 420 mg every 4 weeks plus
daily oral ezetimibe, 10 mg; or pla-
cebo every 4 weeks plus daily oral
ezetimibe, 10 mg. Administration of
ezetimibe was not blinded. AMG145
or placebo was administered sub-
cutaneously.

The treatment period was 12 weeks,
with study visits scheduled at screen-
ing and day 1 and at weeks 2, 4, 8, and
12. Patients received subcutaneous
AMG145 or placebo on day 1 and at
weeks 4 and 8 (3 doses). Blood samples
for all assessments were collected af-
ter an overnight fast (water only) and
analyzed by a central laboratory (eAp-
pendix 1, available at http://www.jama
.com). Anti-AMG145 antibody forma-
tion was assessed at weeks 0, 4, and 12.
After screening, investigators, site staff,
and study team members were blinded
to all assessment results.

An independent data and safety
monitoring committee regularly re-
viewed unblinded data prepared by an
external biostatistical group indepen-
dent of Amgen. Deaths and major car-
diovascular and muscle-related events
were adjudicated by an independent
clinical events committee.

Statistical Analysis

Data from all patients who received at
least 1 dose of investigational product
(AMG145 or placebo) were included in
the analyses of baseline characteris-
tics and efficacy and safety end points.
Patients were analyzed in the treat-
ment group to which they were ran-
domized. The true treatment effect of
AMG145 compared with ezetimibe in
the percentage reduction in LDL-C was
assumed to be approximately 20% (SD,
20%) (an assumption based on Food
and Drug Administration statistical re-
views of ezetimibe and pitavastatin).
The planned enrollment was 30 pa-
tients per group (150 total), which pro-
vided approximately 84% power to de-
tect an AMG145 treatment effect of
approximately 17.5% in LDL-C reduc-
tion, assuming a common SD of 21.93%
calculated using a 2-sided t test with a
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.05 significance level (). The power
calculation for the primary end point
(percentage change from baseline in
LDL-C measured by ultracentrifuga-
tion at week 12) was based on an intent-
to-treat analysis that assumed a 15% rate
of study drug discontinuation.

Secondary end points, all measured
at week 12, included absolute change
in LDL-C and percentage changes from
baseline in non-high-density lipopro-
tein cholesterol (non—-HDL-C), apoli-
poprotein B (apo B), and the ratios of
total cholesterol/HDL-C and apo B/apo
AL Exploratory end points included the
percentage change from baseline in ad-
ditional lipid parameters including li-
poprotein(a) at each study visit and the
incidence of adjudicated events of death
(all-cause and cardiovascular); car-
diac ischemic events (myocardial in-
farction, hospitalization for unstable an-
gina, and coronary revascularization);
hospitalization for heart failure; cere-
brovascular events (transient ische-
mic attack and stroke); and noncoro-
nary revascularization.

Key safety end points included the
incidence of treatment-emergent ad-
verse events (AEs), laboratory values,
vital signs, and electrocardiographic
parameters at each scheduled visit, and
the incidence of anti-AMG145 antibod-
ies (binding and neutralizing). Ad-
verse events were coded using the Medi-
cal Dictionary for Regulatory Activities
(MedDRA) version 15.0.

The primary analysis of the primary
efficacy end point was analyzed using
an analysis-of-covariance (ANCOVA)
model to assess the efficacy of each
AMG145-alone dose group compared
with placebo/ezetimibe. A hierarchi-
cal sequential testing approach was ap-
plied to control the family-wise error
rate for multiple comparisons, at a sig-
nificance level of .05 for 2-sided test-
ing, starting from the highest dose
group and continuing on to the next
highest dose until .05 statistical signifi-
cance was not met or the lowest dose
was tested, whichever occurred first.
Additional analyses included an
ANCOVA model to access the efficacy
of AMG145 plus ezetimibe compared

with placebo/ezetimibe, at a signifi-
cance level of .05.

All efficacy end points were ana-
lyzed using last-observation-carried-
forward (LOCF) imputation. Sensitiv-
ity analyses were performed using the
last measured LDL-C value during the
treatment period or including only pa-
tients who completed the study. The
Kruskal-Wallis test (with LOCF) and
repeated-measures mixed-effects model
(without LOCF) were also performed,
including all patients who received at
least 1 dose of investigational prod-
uct. Safety data were reported as ob-
served. Safety analyses were con-
ducted using descriptive statistics.

RESULTS

Of 236 patients screened, 160 were ran-
domized (AMG145 only, n=96; ezeti-
mibe/AMG145, n=31; placebo/
ezetimibe, n=33) (FIGURE 1). Three
patients did not receive investiga-
tional product, discontinued the study,
and were excluded from the analyses,
leaving a full analysis set of 157 pa-
tients who received at least 1 dose of
investigational product. Of these, 155
patients (97% of those randomized)
completed the study through the final
visit, and 150 (94%) received all
planned doses (Figure 1). Five patients
discontinued treatment after receiv-
ing at least 1 dose of investigational
product because of muscle-related AEs
(none serious): 2 in the placebo/
ezetimibe group and 1 each in the
groups for AMG145, 350 mg, 420 mg,
and 420 mg with ezetimibe.

Patient characteristics at baseline, in-
cluding PCSKO9 levels, were similar
among the groups (TABLE 1). Mean age
was 62 years, 64% were female, and the
mean (SD) baseline LDL-C level was
193 (51) mg/dL. Fifty percent of pa-
tients were high risk or moderately high
risk according to National Choles-
terol Education Program categories.
Seventeen percent had coronary ar-
tery disease, and 7% had cerebrovas-
cular or peripheral arterial disease
(eTable 1). At baseline, 24% of pa-
tients used lipid-lowering medica-
tions; 16% used statins. All patients

©2012 American Medical Association. All rights reserved.

were unable to tolerate at least 1 statin
because of muscle-related side effects;
77% could not tolerate 2 or more stat-
ins; 32%, 3 or more; and 11% could not
tolerate 4 or more statins. The worst
muscle-related statin side effects were
myalgia, reported by 90% of patients;
myositis, reported by 9%; and rhabdo-
myolysis, reported by 1%.

LDL-C Reduction

Administration of AMG145 resulted in
a dose-dependent reduction in LDL-C
levels (TABLE 2 and FIGURE 2). At week
12, least-squares mean percentage
changes in LDL-C from baseline in the
AMG145 dose groups were —-41% (95%
CI, -49% to -33%) in the 280-mg
group, -43% (95% CI, -51% to -35%)
in the 350-mg group, -51% (95% CI,
-59% to -43%) in the 420-mg group,
and -63% (95% CI, -71% to -55%) in
the 420-mg/ezetimibe group, com-
pared with -15% (95% CI, -23% to
-7.0%) in the placebo/ezetimibe group.
Absolute changes in LDL-C were -67
mg/dL, 280 mg; -70 mg/dL, 350 mg,
-91 mg/dL, 420 mg; -110 mg/dL, 420
mg and ezetimibe; and -14 mg/dL, pla-
cebo and ezetimibe.

The maximal reduction in LDL-C
level was evident within 2 weeks of
commencement of AMG145 therapy,
with or without ezetimibe, and the ef-
fect was maintained throughout the 12-
week study. The reduction in LDL-C
level was significantly greater with ev-
ery dose of AMG145 than with placebo/
ezetimibe (P<<.001). In the AMG145-
alone groups, LDL-C goals of less than
100 mg/dL and less than 70 mg/dL were
achieved in 54% and 18% of patients,
respectively (FIGURE 3), compared with
7% and 0% with ezetimibe. Treatment
with AMG145/ezetimibe resulted in
90% and 62% of patients achieving
these goals, respectively.

Other Efficacy Results

The effect of AMG145 on LDL-C lev-
els was accompanied by similar changes
in total cholesterol, non-HDL-C, apo
B, and the ratios of total cholesterol/
HDL-C and apo B/apo Al (Table 2 and
TABLE 3). Consistent with results in ear-
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lier trials,” lipoprotein(a) level was re-
duced by 20% (95% CI, -29% to -11%)
to 26% (95% CI, -35% to -17%) with
AMG145 and 29% (95% CI, -42% to
-16%) with AMG145/ezetimibe (all
P<.01 to P<.001 vs placebo/ezetimibe).

AMG145 increased HDL-C mod-
estly, from 6% (95% CI, -1% to 12%)
to 12% (95% CI, 4% to 20%), com-
pared with 1% (95% CI, -8% to 6%)
with placebo/ezetimibe. The differ-
ence in the effect on HDL-C level be-
tween AMG145/ezetimibe and placebo/
ezetimibe was statistically significant
(P<.001). Similar increases were seen
in apo Al, with all groups treated with
AMG145 showing statistically signifi-
cantly greater responses than those
treated with placebo/ezetimibe (P <.05
or P<.01). Small, nonsignificant re-
ductions in triglyceride and very low-
density lipoprotein cholesterol
(VLDL-C) levels were seen with
AMG145 compared with placebo/

ezetimibe. Mean free PCSKO levels at
week 12 declined by up to 48.4% (95%
CI, -54.1% to -42.6%) from pretreat-
ment levels with AMG145 mono-
therapy and by 1.5% (95% CI, -10.1%
to 7.2%) with ezetimibe mono-
therapy.

Tolerability and Safety

Administration of AMG145 was well
tolerated, with no significant safety find-
ings reported in these statin-intoler-
ant patients. Overall, 60% of patients
receiving AMG145 and 59% receiving
placebo/ezetimibe reported treatment-
emergent AEs (eTable 2). Myalgia was
the most common treatment-emer-
gent AE during the study, occurring in
7 patients (7.4%) taking AMG145 only
(280 mg, 5 patients [15.6%]; 350 mg,
1 patient [3.2%]; 420 mg, 1 patient
[3.1%]), 6 patients (20.0%) taking
AMG145/ezetimibe, and 1 patient
(3.1%) taking placebo/ezetimibe. The

other most common treatment-
emergent AEs for the AMG145-only,
AMG145/ezetimibe, and placebo/
ezetimibe groups, respectively, were na-
sopharyngitis (5.3%, 10.0%, 15.6%),
nausea (4.2%, 0%, 3.1%), and fatigue
(4.2%, 0%, 6.3%). No relationship was
apparent between the incidence of any
single treatment-emergent AE and
AMG145 dose, and the overall inci-
dence of treatment-related AEs did not
appear to be dose related.

Four serious AEs occurred, all in the
AMG145-treated groups (coronary ar-
tery disease, acute pancreatitis, hip frac-
ture, and syncope); none were consid-
ered treatment related. The AE of
coronary artery disease was a coronary
angiography and stenting procedure
planned before study enrollment, with-
out signs or symptoms of instability af-
ter enrollment. No deaths were re-
ported. Changes in key laboratory
parameters (eTable 2) did not show any

Figure 1. GAUSS Study: Patient Enrollment and Disposition

236 Patients assessed for eligibility

76 Excluded

13 Other reasons

40 Did not meet NCEP risk-based LDL-C criteria
14 Did not meet triglyceride, ALT or AST, or CK criteria
9 Used disallowed medications in past 3 months

160 Randomized

33 Randomized to receive placebo

every 4 wk and ezetimibe,
10 mg, once daily

31 Randomized to receive
AMG145, 420 mg, every

4 wk and ezetimibe, 10 mg,

once daily

32 Randomized to receive
AMG145, 280 mg,
every 4 wk

32 Randomized to receive
AMG145, 350 mg,
every 4 wk

32 Randomized to receive
AMG145, 420 mg,
every 4 wk

1 Did not receive
intervention as
randomized
(withdrew consent)

1 Did not receive
intervention as
randomized
(lost to follow-up)

1 Did not receive
intervention as

| randomized (determined

to be ineligible

[prednisone use])

32 Received intervention
as randomized

30 Received intervention
as randomized

32 Received intervention
as randomized

31 Received intervention
as randomized

32 Received intervention
as randomized

2 Discontinued intervention
= 1 Myalgia
1 Muscle spasms

(myalgia)

1 Discontinued intervention

—= 1 Myositis
1 Patient request

2 Discontinued intervention

2 Discontinued intervention
—=| 1 Myositis
1 Withdrew consent

32 Included in efficacy and
safety analyses
1 Excluded (did not receive
intervention)

30 Included in efficacy and
safety analyses
1 Excluded (did not receive
intervention)

32 Included in efficacy and
safety analyses

31 Included in efficacy and
safety analyses
1 Excluded (did not receive
intervention)

32 Included in efficacy and
safety analyses

GAUSS indicates Goal Achievement after Utilizing an anti-PCSK9 antibody in Statin Intolerant Subjects; NCEP, National Cholesterol Education Program; LDL-C,
low-density lipoprotein cholesterol; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase.
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differences between treatment groups,
and laboratory safety results did not ap-
pear to be related to the AMG145 dose.

Two patients in the AMG145, 350-
mg, group had CK levels greater than
10 X ULN during the study. One of these
patients had an isolated CK elevation of
2773 U/L at week 4 the day after an un-
usually intense weight-lifting workout;
the event resolved spontaneously with-

out treatment interruption. This epi-
sode was adjudicated not to be a muscle-
related event by the clinical events
committee. The other patient had an iso-
lated CK elevation of 2030 U/L accom-
panied by generalized muscular pain at
week 2, after his gym routine. Rosuva-
statin and AMG145 were discontinued,
and subsequent CK values were nor-
mal. A muscle biopsy showed a normal

pattern. This event was adjudicated
positively as a myopathy event. One
patient in the placebo/ezetimibe group
had a CK level greater than 5 X ULN at
week 4.

Two patients in the AMG, 420-mg,
group experienced 1 percutaneous in-
tervention each; 1 of these patients had
experienced a non-ST segment eleva-
tion myocardial infarction that was

]
Table 1. Baseline Demographic and Disease Characteristics

AMG145 SC Every 4 wk

AMG145 or Placebo
Every 4 wk and Ezetimibe,
10 mg, Once Daily

[
AMG145 SC,

Placebo
280 mg 350 mg 420 mg 420 mg SC All Patients
Characteristic (n=32) (n=31) (n=32) (n=30) (n=32) (N=157)
Age, mean (SD), y 62.2 (10.1) 62.3 (9.1) 60.0 (8.6) 62.0(7.2) 62.4 (6.6) 61.8 (8.4)
Female, sex, No. (%) 18 (66.3) 21 (67.7) 20 (62.5) 23 (76.7) 18(56.9) 100 (63.7)
Race/ethnicity, No. (%)
White 28 (87.5) 29 (93.5) 30 (93.8) 24 (80.0) 28 (87.5) 139 (88.5)
Black 2 (6.3 2 (6.5 1(3.1) 1.3 2 (6.3 8(5.1)
Statin intolerance, No. (%)
1 4 (12.5) 7 (22.6) 9 (28.1) 9(30.0) 7(21.9 36 (22.9)
2 17 (63.1) 13 (41.9) 11 (34.4) 15 (50.0) 14 (43.9) 70 (44.6)
3 7(21.9 8(25.9) 10(31.9) 133 8(25.0) 34 (21.7)
=4 4 (12.5) 3(9.7) 2 (6.9 5(16.7) 3(9.4) 7(10.8)
Worst muscle-related side effect, No. (%)
Myalgia 29 (90.6) 28 (90.3) 29 (90.6) 28 (93.3) 28 (87.5) 142 (90.4)
Myositis 3(9.4) 3(9.7) 2 (6.9 2(6.7) 4 (12.5) 14 (8.9)
Rhabdomyolysis 0 0 1(B.1) 0 0 1(0.6)
Lipid parameters, mean (SD)
LDL-C, mg/dL, by ultracentrifugation 194.8 (48.1) 190.3 (47.8) 203.5 (60.3) 194.4 (60.1) 182.9 (36.4) 193.2 (51.0)
LDL-C, mg/dL, calculated 192.1 (47.6) 189.1 (50.9) 202.5 (61.1) 193.6 (59.7) 180.9 (35.8) 191.5(51.6)
Total cholesterol, mg/dL 284 (55.9) 281.5 (563.4) 292 (57.9) 279.7 (65.3) 274.5(38.9) 282.4 (54.4)
HDL-C, mg/dL 58.5 (19.6) 58.5 (20) 51.4(18.7) 59.9 (19.2) 60.8 (18.8) 57.8(19.3)
Non-HDL-C, mg/dL 225.5 (53.3) 222.9 (55.8) 240.6 (63.9) 219.8 (60.5) 213.7 (40.4) 224.6 (55.3)
Total cholesterol/HDL-C ratio, mg/dL 5.29(1.82) 5.44 (2.31) 6.44 (2.83) 5.09 (2.42) 4.91(1.55) 5.44 (2.27)
VLDL-C, mg/dL 30.5(13.5) 32.5(19.7) 37.1(18.8) 25.3(10.6) 30.8 (14.2) 31.3(16.0)
Apo B, mg/dL 143 (30.6) 144.9 (33.9) 150.8 (34.1) 138.8 (33.1) 138 (21.7) 143.2 (30.9)
Apo Al, mg/dL 163.5 (31.8) 166.5 (32.6) 151.6 (33) 163.1(29.0) 170.8 (31.5) 163.1(31.9)
Apo B/apo Al ratio 0.91(0.27) 0.92 (0.39) 1.06 (0.39) 0.88(0.33) 0.84 (0.23) 0.92 (0.32)
Triglycerides, mg/dL 161.7 (66.4) 170.7 (88.7) 190.7 (79.3) 130.9 (65.5) 163.9 (65.7) 163.9 (73.7)
Lipoprotein(a), nmol/L, 36.5 68.3 26.0 39.0 58.5 39.0
median (Q1, Q3) (10.5,122.5) (31.0,184.0) (9.0, 100.5) (14.0, 187.0) (5.5, 140.5) (11.0,137.0)
Free PCSK9, ng/mL 383 (97.9) 396.2 (129.2) 371.6(87.2) 379.4 (110.9) 389.8 (90.9) 384.0 (102.9)
NCEP CHD risk category, No. (%)
High risk 14 (43.8) 12 (38.7) 11 (34.4) 10 (33.3) 15 (46.9) 62 (39.5)
Moderately high risk 13.1) 5(16.1) 5(15.6) 133 4 (12.5) 6(10.2)
Moderate risk 8(25.0) 10 (32.3) 7(21.9 11(36.7) 8(25.0) 4 (28.0)
Lower risk 9(28.1) 4(12.9) 9(28.1) 8(26.7) 5(15.6) 35 (22.3)

Abbreviations: apo Al, apolipoprotein Al; apo B, apolipoprotein B; CHD, coronary heart disease; CK, creatine kinase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; NCEP, National Cholesterol Education Program; PCSK9, proprotein convertase subtilisin/kexin type 9; Q1, first quartile; Q3, third quartile; SC, subcutaneous;

VLDL-C, very low-density lipoprotein cholesterol.

Sl conversion factors: To convert LDL-C, HDL-C, and total cholesterol to mmol/L, multiply by 0.0259; triglycerides to mmol/L, multiply by 0.0113.
aFor any statin. Myalgia refers to muscle symptoms without CK elevation; myositis, muscle symptoms with CK elevation; and rhabdomyolysis, muscle symptoms with significant CK

elevation.

©2012 American Medical Association. All rights reserved.
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]
Table 2. Key Efficacy Outcomes at Week 12: Cholesterol Levels

Mean (95% CI)

AMG145 SC Every 4 wk

AMG145 or Placebo Every 4 wk and
Ezetimibe, 10 mg, Once Daily

[
AMG145 SC, 420 mg

280 mg 350 mg 420 mg Placebo SC
(n=232) (n=31) (n=32) (n =30) (n=232)
LDL-C (ultracentrifugation)
Absolute value, mg/dL2 112.6 107.2 99.0 70.8 154.3
(96.3 t0 128.9) (93.8 10 120.6) (83.61t0 114.5) (56.910 84.7) (140.2 to 168.4)
Change from baseline, mg/dLP —66.8 —69.7 -90.8 -109.8 -14.2
(-84.5t0 -49.2) (-87.7t0 -51.8) (-108.5t0 -73.0) (-131.9t0 -87.7) (-31.7t0 3.3
% change from baselineP¢ -40.8 -42.6 -50.7 -63.0 -14.8
(-48.6 to -32.9) (-50.5 to -34.7) (-58.6to —42.8) (-71.4to -54.5) (-22.6t0 -7.0)
Treatment difference -26.0 -27.8 -35.9 —47.3
vs placebo + ezetimibe, %P:¢ (-34.1t0 -17.9) (-36.0t0 -19.7) (-44.1 t0 -27.8) (-53.7 to —40.8)
P value vs ezetimibe + placeboP¢ <.001 <.001 <.001 <.001
Total cholesterol
Absolute value, mg/dL?@ 196.4 194.4 179.5 152.8 242.5
(178.2t0 214.5) (179.0t0 209.8) (161.81t0 197.3) (136.3t0 169.2) (227.510 257.6)
Change from baseline, mg/dL?@ -87.6 -89.1 -113.5 -126.5 -32.9
(-102.6t0 -72.7) (-105.8t0 -72.3) (-128.5t0 —98.4) (-141.4t0-111.6) (-43.8 to —22.0)
% change from baseline® -29.8 -30.4 -37.7 —44.3 -10.7
(-35.7 to -23.8) (-36.4 to —24.5) (-43.6t0 -31.7) (-50.6 to -37.9) (-16.6 t0 -4.8)
P value vs ezetimibe + placeboP <.001 <.001 <.001 <.001
HDL-C
Absolute value, mg/dL? 62.2 63.5 56.1 66.3 62.0
(565.4 t0 68.9) (65.6t0 71.5) (48.91063.3) (69.3t0 73.3) (565.3 t0 68.7)
Change from baseline, mg/dL2 3.7 4.6 4.5 6.8 0.9
(-0.4t07.7) (2.2t06.9) (22106.7) (3.9109.7) (-1.4t03.1)
% change from baseline® 5.9 5.5 7.4 12.0 =11
(-1.0t0 12.7) (-1.4t0 12.3) (0.6t0 14.3) (3.9t0 20.1) (-7.91t05.7)
P value vs ezetimibe + placeboP .05 .07 .02 <.001
Non-HDL-C
Absolute value, mg/dL?@ 134.2 130.9 123.5 86.5 180.5
(117.3t0 151.1) (113.9t0 147.9) (105.7 to 141.3) (72.810 100.2) (164.5 to 196.6)
Change from baseline, mg/dL? -91.3 -93.6 -117.9 -133.3 -33.7
(-106.9to -75.7) (-109.9 to -77.3) (-133.0to -102.8) (-147.8t0 -118.8) (-44.7 to -22.8)
% change from baselineP -39.8 -41.6 -48.6 -59.8 -15.0
(-46.9t0 -32.8) (—-48.8t0 -34.5) (-55.7 to -41.5) (-67.4t0 -52.2) (-22.0t0 -8.0)
P value vs ezetimibe + placebo® <.001 <.001 <.001 <.001
Total cholesterol/HDL-C ratio
Absolute value? 3.34 3.46 3.47 2.42 4.21
(2.94 10 3.74) (2.8510 4.07) (2.951t0 3.99) (2.08 10 2.76) (3.72t0 4.70)
Change from baseline? -1.95 -2.00 -2.99 -2.71 -0.70
(-2.40 to -1.50) (—2.46 to —1.55) (-3.70to —2.28) (-3.36 to —2.06) (-1.00 to -0.41)
% change from baseline® -32.0 -33.5 -40.6 -49.4 -9.6
(-38.3t0 -25.6) (-40.0to -27.1) (-47.0t0 -34.2) (-57.1t0 -41.8) (-15.91t0 -3.3)
P value vs ezetimibe + placeboP <.001 <.001 <.001 <.001
VLDL-C
Absolute value, mg/dL? 21.6 23.4 28.0 16.5 27.9
(18.2t0 25.0) (17.3 10 29.6) (23.0t0 33.0) (13.5t0 19.5) (22.0t0 33.7)
Change from baseline, mg/dL2 -89 -8.8 -8.3 -9.2 -3.1
(-13.2t0 -4.5) (-13.6t0 -3.9) (-13.4t0 -3.1) (-12.0t0 -6.4) (-7.9t01.7)
% change from baseline® -27.6 -28.8 -156.0 -37.8 -138.2
(-48.6t0 -6.7) (-50.2to -7.5) (-36.1t06.1) (-65.0to -10.6) (-34.1t07.6)
P value vs ezetimibe + placeboP 19 16 87 02

Abbreviations: apo Al, apolipoprotein Al; apo B, apolipoprotein B; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SC, subcutaneous; PCSK9,
proprotein convertase subtilisin/kexin type 9; VLDL-C, very low-density lipoprotein cholesterol.

Sl conversion factors: To convert LDL-C, HDL-C, and total cholesterol to mmol/L, multiply by 0.0259.

20bserved summary data without imputation for missing values.
b Least-squares means of the placebo/ezetimibe group and AMG145-alone groups were from an analysis-of-covariance (ANCOVA) model including placebo/ezetimibe group, AMG145-
alone groups, and stratification factors. Least-squares mean of AMG145, 420 mg/ezetimibe was from an ANCOVA model including placebo/ezetimibe group; AMG145, 420 mg/
ezetimibe group; and stratification factors. For LDL-C level, missing ultracentrifugation values at week 12 were imputed using last observation carried forward (LOCF) and calculated
LDL-C values. For other parameters, missing values at week 12 were imputed using LOCF.

CPrimary end point.
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treated with percutaneous coronary in-
tervention. The percutaneous interven-
tions and myocardial infarction were also
adjudicated as positive by the clinical
events committee. No binding or neutral-
izing antibodies against AMG145 were de-
tected.

COMMENT

The GAUSS study assessed AMG145, a
fully human monoclonal antibody
against PCSK9, toreduce LDL-C levels
inadifficult-to-treat and increasing pa-
tient population: patients at cardiovas-

cular risk who are unable to tolerate ef-
fective doses of statins because of muscle-
related side effects. In this population,
94% of patients completed all scheduled
treatments in the 12-week trial of sub-
cutaneous administration of AMG145
every 4 weeks. Treatment with AMG145
produced LDL-C reductions of 41% to
63%, without significant muscle-related
side effects, in patients predisposed to
such side effects. These reductions are
comparable with those achieved with
maximal doses of the most efficacious
statins.

Although baseline LDL-C level was on
average greater than 190 mg/dL and con-
siderably higher than in prior trials with
a PCSK9 monoclonal antibody, the re-
ductions in LDL-C levels with AMG145
administered as monotherapy every 4
weeks were comparable to those ob-
tained with REGN727 given with statins
every 2 weeks.'*1° In addition, in the
GAUSS trial, the primary end point of
LDL-C level was determined by the ref-
erence procedure, ultracentrifugation,
which is unlike calculated LDL-C used
in prior trials,'*!® which tends to under-

Figure 2. Reductions in Levels of Low-Density Lipoprotein Cholesterol at Week 12
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AMG145, 420 mg, and ezetimibe 30 29 30 28 29

O Placebo and ezetimibe
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Mean percentage change in low-density lipoprotein cholesterol from baseline to week 12 (calculated). Patients received AMG145 or placebo subcutaneously every 4
weeks. Oral ezetimibe, 10 mg, was given daily. Error bars indicate 95% Cls.

Figure 3. Percentage of Patients Achieving Recommended Low-Density Lipoprotein Cholesterol Goals

LDL-C <100 mg/dL

LDL-C <70 mg/dL

100+ 100+
ES ES
3 o]
2 2
< 80 kS| 804
o o
£ £
>3 3
Q 2
5 60 5 604
< <
|2} |2}
c c
2 Q2
= 404 T 404
a a
k] ko]
5 s
£ 204 £ 204
S S
o o
é ¢l

0- 0- 0
280 mg 350 mg 420 mg All AMG145, P\acebo 280 mg 850 mg 420 mg All AMG145,  Placebo
(n=32) (n=30) (n=31) (n=93) 420 mg, and (n=32) (n=30) (n=31) (n=993) 420 mg, and
| | and ezetimibe | | and ezetimibe
AMG145 Only ezetimibe  (n=30) AMG145 Only ezetimibe  (n=30)
(n=29) (n=29)
Treatment Treatment

Patients received AMG145 or placebo subcutaneously every 4 weeks. Oral ezetimibe, 10 mg, was given daily. Low-density lipoprotein cholesterol (LDL-C) values at
week 12 were measured by preparative ultracentrifugation.
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without ezetimibe. Patients reported
higher rates using the term myalgia,
with 3.1% with ezetimibe alone, 3.1%

estimate LDL-C when levels decrease be-
low 70 mg/dL" and thus overestimate the
percentage reduction in LDL-C.'®

Reports of fatigue, muscle fatigue, or
muscle spasm occurred in fewer than
5% of patients taking AMG145, with or

]
Table 3. Key Efficacy Outcomes at Week 12: Apolipoprotein B, Apolipoprotein Al, Triglycerides, Lipoprotein(a), and Free PCSK9

Mean (95% ClI)
I 1
AMG145 or Placebo Every 4 wk and
AMG145 SC Every 4 wk Ezetimibe, 10 mg, Once Daily
I I
280 mg 350 mg 420 mg AMG145 SC, 420 mg Placebo SC
(n=32) (n=231) (n=32) (n=30) (n=32)
Apo B
Absolute value, mg/dL2 92.8 94.5 85.1 66.3 118.9
(82.8 10 102.9) (83.8t0 105.2) (74.7 10 95.4) (57.81t074.9) (110.5t0 127.4)
Change from baseline, mg/dL2 -50.2 -51.4 -65.7 -72.7 -19.5
(-58.8t0 -41.6) (-61.1t0 -41.7) (-74.9to -56.5) (-81.3t0 -64.1) (-25.3t0 -13.6)
% change from baseline® -33.6 -34.3 —42.1 -49.1 -12.2
(-40.3 to —26.9) (-41.1t0 -27.5) (-48.8t0 -35.3) (-56.4t0 -41.7) (-18.91t0 -5.5)
P value vs ezetimibe + placeboP <.001 <.001 <.001 <.001
Apo Al
Absolute value, mg/dL? 177.8 182.8 167.0 179.7 174.3
(165.8 to 189.8) (172.0t0 193.7) (155.6t0 178.3) (169.2 t0 190.3) (161.9t0 186.7)
Change from baseline, mg/dL2 14.3 15.6 15.0 16.9 3.4
(7.0t021.7) (8.91t022.2) (10.1t0 19.9) (11.9t021.9) (-3.0t09.8)
% change from baseline® 6.0 6.9 7.5 8.3 -1.4
(0.5t011.6) (1.3t012.5) (1.9t0 13.1) (1.2t015.3) (-6.9t0 4.1)
P value vs ezetimibe + placebo® .01 .005 .003 .002
Apo B/apo Al ratio
Absolute value? 0.54 0.55 0.53 0.38 0.71
(0.47 t0 0.61) (0.46 t0 0.64) (0.45t0 0.61) (0.3210 0.43) (0.64t0 0.79)
Change from baseline? -0.37 -0.37 -0.53 -0.51 -0.13
(-0.44 to -0.30) (-0.44 to -0.30) (-0.62 to -0.43) (-0.60to -0.42) (-0.18 to -0.09)
% change from baseline -36.5 -38.2 —45.4 -52.0 -11.4
(-42.7 t0 -30.2) (-44.5t0 -31.8) (-51.7 t0 -39.1) (-59.5 to -44.5) (-17.6t0-5.1)
P value vs ezetimibe + placeboP <.001 <.001 <.001 <.001
Triglycerides
Absolute value, mg/dL?@ 129.2 138.0 161.9 110.7 165.9
(112.0t0 146.3) (111.4 to 164.6) (134.3 t0 189.5) (93.6t0 127.8) (126.81t0 185.1)
Change from baseline, mg/dL2 -32.5 -33.1 -26.3 -22.2 -7.6
(-51.2t0 -13.9) (-51.7t0 -14.4) (-44.2t0 -8.3) (-33.2t0 -11.3) (-30.6to 15.4)
% change from baseline® -18.0 -19.3 —14.2 -95 -55
(-32.5t0 -3.4) (-34.0t0 -4.6) (—28.8t0 0.4) (-34.0t0 15.0) (-20.0t0 8.9)
P value vs ezetimibe + placebo® 10 .07 26 26
Lipoprotein(a)
Absolute value, nmol/L2 68.7 99.3 40.8 80.0 735
(29.0t0 108.3) (65.2 10 143.4) (20.31t061.3) (43.6t0116.5) (47.81099.1)
Change from baseline, nmol/L@ -24.3 -23.6 -17.4 -22.8 -75
(-37.5t0 -11.1) (-35.2t0-12.0) (-27.0t0 -7.8) (-34.6t0 -10.9) (-12.7t0-2.2)
% change from baseline® -25.9 -20.3 -23.6 -29.1 -7.9
(-34.9t0 -16.9) (-29.4to -11.1) (-32.6t0 -14.5) (-41.9t0-16.3) (-16.8t0 1.0)
P value vs ezetimibe + placeboP <.001 .01 .001 <.001
Free PCSK9
Absolute value, ng/mL?2 196.8 211.5 215.4 163.3 376.2
(170.3t0 223.4) (172.7 to 250.3) (168.9 to 261.8) (128.810 197.8) (343.6 to 408.9)
Change from baseline, ng/mL?2 -186.4 -190.3 -164.8 -226.3 -15.6
(-212.7t0 -160.2)  (-240.5t0 -140.1) (-198.2t0 —131.4) (—264.7 t0 -187.8) (-46.4t0 15.2)
% change from baseline? -48.4 -46.2 -45.9 -59.3 -1.5
(-54.1 t0 -42.6) (-58.2t0 -34.2) (-55.6 to -36.3) (-66.7 to -51.9) (-10.1t07.2)
P value vs ezetimibe + placeboP <.001 <.001 <.001 <.001

Abbreviations: apo A1, apolipoprotein Al; apo B, apolipoprotein B; SC, subcutaneous; PCSK9, proprotein convertase subtilisin/kexin type 9.

Sl conversion factors: To convert triglycerides to mmol/L, multiply by 0.0113.

20bserved summary data without imputation for missing values.
b Least-squares means of the placebo/ezetimibe group and AMG145-alone groups were from an analysis-of-covariance (ANCOVA) model including placebo/ezetimibe group, AMG145-
alone groups, and stratification factors. Least-squares mean of AMG145, 420 mg/ezetimibe was from an ANCOVA model including placebo/ezetimibe group; AMG145, 420 mg/
ezetimibe group; and stratification factors. For LDL-C level, missing ultracentrifugation values at week 12 were imputed using last observation carried forward (LOCF) and calculated
LDL-C values. For other parameters, missing values at week 12 were imputed using LOCF.
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to 15.6% with the highest and lowest
doses of AMG145, respectively, and
20% with AMG145/ezetimibe. The in-
cidence of muscle-related adverse ef-
fects reported with AMG145 appears
similar to that seen in patients taking
REGN727 who were able to tolerate
background statins.'* Thus, the muscle
tolerability profile of AMG145 in this
short-term trial in a cohort of statin-
intolerant patients, if confirmed in
larger and longer-term trials, provides
a potential therapeutic option for high-
risk patients who currently have few
treatment options.

The overall incidence of all adverse
effects was similar among patients
receiving AMG145 without ezetimibe
(58%), those receiving AMG145/
ezetimibe (67%), and those receiving
placebo/ezetimibe (59%). None of the
4 serious AEs (acute pancreatitis,
coronary artery disease, hip fracture,
and syncope) prompted discontinua-
tion of AMG145. These events are not
known to be linked to the mechanism
of action of PCSKO9 inhibition, and the
accumulated safety record of
AMG145 has not raised specific con-
cerns to date. The incidence of all
other adverse effects among patients
taking AMG145 only was less than
5% except for nasopharyngitis, which
occurred in 5% of AMG145 patients
and in 16% of patients treated with
placebo/ezetimibe.

These results are consistent with the
safety and tolerability data from previ-
ous studies with AMG145 and an-
other anti-PCSK9 antibody-based
therapy.”° In a clinical trial of the apo
B synthesis inhibitor mipomersen, high-
risk statin-intolerant patients experi-
enced significant, although substan-
tially less, LDL-C reduction than was
observed in this trial, but with persis-
tently high rates of muscle symptoms,
even among those receiving placebo.*
In that trial, mipomersen was associ-
ated with significantly increased he-
patic transaminases and injection site
reactions. In comparison, AMG145 was
not associated with liver function al-
terations or high rates of injection site
reactions.

Because there is currently no widely
accepted definition of statin intoler-
ance, we endeavored to use a practical
definition in this study, which re-
sulted in a population with a true un-
met medical need, as exemplified by the
mean LDL-C in excess of 190 mg/dL,
24% of patients with clinical athero-
sclerotic disease and 50% at high or
moderately high cardiovascular risk.!
Although patients able to tolerate very
low doses of a statin were eligible, 84%
of all patients were unable to tolerate
even low doses of any statin.

The comparator in this trial, ezeti-
mibe, considered the best alternative for
LDL-C reduction and tolerability in stat-
in-intolerant patients, reduced LDL-C
an expected 15% and was well toler-
ated. However, fewer than 7% of pa-
tients receiving placebo/ezetimibe
achieved the LDL-C goal of less than
100 mg/dL and none achieved LDL-C
levels less than 70 mg/dL, compared
with the 62% of patients who received
AMG145, 420 mg/ezetimibe achiev-
ing LDL-C levels less than 70 mg/dL.
AMG145 doses of 280 mg, 350 mg, and
420 mgalone reduced LDL-C levels by
41%, 43%, and 51%, respectively. The
overall reduction in LDL-C achieved
with AMG145 alone or in combina-
tion with ezetimibe was quantitatively
similar to reductions reported with the
most highly efficacious statins.

AMG145 also reduced lipopro-
tein(a) levels by 20% to 26%, with
slightly greater decreases seen with
AMG145/ezetimibe. The ability to re-
duce lipoprotein(a) distinguishes
AMG145 from the most commonly
available LDL-C-reducing agents, es-
pecially those that also up-regulate the
LDL receptor. The effect of AMG145 on
HDL-C and apo Al levels was modest
but consistent, with increases ranging
from 5% to 12%. This effect is in the
range seen with statins. The increases
in apo Allevel were significant (P<<.05
to P<<.01) vs placebo/ezetimibe, but the
HDL-C increase was significant only
with the AMG145, 420-mg, dose; the
combination of ezetimibe/AMG145 re-
sulted ina 12% increase in HDL-C level
(P<.05). The mechanisms by which

©2012 American Medical Association. All rights reserved.

AMG145 might affect lipoprotein(a),
HDL-C, and triglyceride-rich lipopro-
tein metabolism have not been deter-
mined.

The limitations of this trial include
the short, 12-week study duration for
a drug that will need to be taken for lon-
ger periods. In addition, the relatively
small sample size provides limited in-
formation, and both larger and longer-
term studies in a similar statin adverse
population are needed to confirm the
preliminary results of the GAUSS trial.
Another potential limitation was the use
of unblinded ezetimibe. Patients ran-
domized to subcutaneous AMG145/
ezetimibe or placebo/ezetimibe knew
they were receiving ezetimibe, which
may have contributed to imbalances in
AE reporting. Larger studies with
blinded ezetimibe will provide more de-
finitive evidence of the safety and tol-
erability of this combination in statin-
intolerant patients. Other limitations
include the difficulties of a standard
definition and subjective nature of statin
intolerance and muscle-related side ef-
fects, the lack of a specific biomarker
or standardized instrument for detect-
ing or monitoring the condition, and
the lack of current regulatory guid-
ance or recognition regarding muscle-
related side effects other than rhabdo-
myolysis.

CONCLUSION

In this phase 2 study of patients se-
lected on the basis of prior statin intol-
erance, treatment with subcutaneous
administration of a monoclonal anti-
body to PCSK9, AMG145, achieved sig-
nificant reductions in LDL-C and
was associated with short-term toler-
ability.
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