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Abstract

Background: Low-density lipoprotein cholesterol (LDL-C) is a risk factor for athero-
sclerotic cardiovascular disease (ASCVD). There are limited real-world data on LDL-C
lowering with evolocumab in United States clinical practice.

Hypothesis: We assessed LDL-C lowering during 1 year of evolocumab therapy.
Methods: This retrospective cohort study used linked laboratory (Prognos) and medical
claims (IQVIA Dx/LRx and PharMetrics Plus®) data. Patients with a first fill for
evolocumab between 7/1/2015 and 10/31/2019 (index event) and LDL-C > 70 mg/dL
were included (overall cohort; N = 5897). Additionally, a patient subgroup with a recent
myocardial infarction (MI) within 12 months (median 130 days) before the first
evolocumab fill was identified (N = 152). Reduction from baseline LDL-C was calculated
based on the lowest LDL-C value recorded during a 12-month follow-up period.
Results: The mean (SD) age was 65 (10) years; 61.9% of patients had ASCVD diagno-
ses and 70.7% of patients were in receipt of lipid-lowering therapy. Following
evolocumab treatment, changes in LDL-C from baseline were —60% in the overall
cohort (median [interquartile range (IQR)] 146 [115-180] mg/dL to 58 [36-84]
mg/dL) and —65% in the recent Ml subgroup (median [IQR] 137 [109-165] mg/dL to
48 [30-78] mg/dL). In the overall cohort and recent MI subgroup, 62.1% and 69.7%
of patients achieved LDL-C < 70 mg/dL, respectively.

Conclusions: In this real-world analysis, evolocumab was associated with significant
reductions in LDL-C comparable to that seen in the FOURIER clinical trial, which

were durable over 1 year of treatment.
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1 | INTRODUCTION

Cardiovascular (CV) disease (CVD) remains the leading cause of death
in the United States (US).! The costs of CVD are rising, driven by
high-risk patients, and are expected to nearly double to $1 trillion
from 2015 to 2035.2 Low-density lipoprotein cholesterol (LDL-C) is a
well-established atherosclerotic CVD

(ASCVD).2* Accordingly, reduction of LDL-C significantly reduces the
5-12

causal risk factor for

risk of major CV events, and it is now recognized that lower
LDL-C is better, with a progressive reduction in major CV events and
no increase in safety events even at very low LDL-C levels of <
7.7 mg/dL (< 0.2 mmol/L).*®

The 2018 American College of Cardiology (ACC)/American Heart
Association (AHA) Multisociety blood cholesterol guideline introduced
the stratification of "very high-risk" (VHR) ASCVD patients, defined as
those with a history of multiple major ASCVD events (ie, recent acute
coronary syndrome [ACS], history of myocardial infarction [MI], his-
tory of ischemic stroke [IS], or symptomatic peripheral arterial disease
[PAD]) or a single major ASCVD event and multiple high-risk condi-
tions.1* For patients with VHR ASCVD, the 2018 ACC/AHA guideline
recommends using an LDL-C threshold of 70 mg/dL (1.8 mmol/L) to
initiate the addition of nonstatins (ie, ezetimibe and proprotein con-
vertase subtilisin/kexin type 9 [PCSK9] inhibitors) to maximally toler-
ated statin therapy.'* The European Society of Cardiology
(ESC)/European Atherosclerosis Society (EAS) guidelines recommend
a > 50% LDL-C reduction from baseline and a goal of < 55 mg/dL (<
1.4 mmol/L), with a lower goal of < 40 mg/dL (< 1.0 mmol/L) for
patients who experience a second vascular event within 2 years while
taking maximally tolerated statin therapy.'®> The American Association
of Clinical Endocrinology (AACE) and American College of Endocrinol-
ogy (ACE) now recommend LDL-C goals of < 70 mg/dL (< 1.8 mmol/
L) and < 55 mg/dL (< 1.4 mmol/L) for VHR and extreme-risk patients,
respectively.'®

However, observational studies indicate that patients infre-
quently achieve these guideline-recommended LDL-C goals in daily

clinical practice,}”2

with a recent analysis of US adults with health
insurance in the MarketScan® database reporting that 67% of patients
with VHR ASCVD had LDL-C > 70 mg/dL (> 1.8 mmol/L).2 Multiple
factors are thought to underpin this unmet treatment need, with sub-
optimal dosing, high rates of treatment discontinuation, and low rates
of lipid-lowering therapy (LLT) adherence commonly observed.?2-27
Evolocumab is a PCSK9 inhibitor antibody approved to reduce
the risk of M, stroke, and coronary revascularization in adults with
established CVD.?® The efficacy of evolocumab is well established
from clinical trials, with significant lowering of LDL-C and reduction of
major CV events.>?*% In the Further Cardiovascular Outcomes
Research with PCSK9 Inhibition in Subjects with Elevated Risk
(FOURIER) trial, the addition of evolocumab to statin therapy in
patients with stable ASCVD reduced LDL-C by a mean of 59% and
significantly reduced the risk of the primary endpoints (CV death, Ml,
stroke, hospitalization for unstable angina, or coronary revasculariza-
tion) by 15% at 48 weeks.®> When assessed individually, evolocumab
significantly reduced the risk of MI and stroke by 27% and 21%,

respectively.” Secondary analyses from FOURIER report that patients
with a recent Ml are at an increased risk of CV events and experience
greater relative and absolute risk reductions with evolocumab versus
those with more remote MIs.*?2? For example, evolocumab signifi-
cantly reduced the risk of the key secondary endpoints (CV death, M,
or stroke) by 25% in patients with a recent Ml (< 1 year) versus 15%
in patients with a remote MI (> 1 year).?’ Within the context of per-
sonalized medicine, these data suggest that it is reasonable to target
evolocumab therapy to higher-risk patients following a recent MI.122?
However, there are limited data on LDL-C lowering with evolocumab
in real-world healthcare settings, where patient-, physician-, and
payer-related treatment hurdles are common.'”:22-27:30-33 Hjstorically,
these hurdles have included treatment discontinuation, educational
needs for providers, prior authorization requirements, costs, and for-
mulary restrictions.3033

In the current study, we characterized the population and
assessed LDL-C lowering during 1 year of evolocumab therapy in real-
world patients with LDL-C > 70 mg/dL (> 1.8 mmol/L), including a
patient subgroup with elevated risk hospitalized for MI within

12 months prior to starting evolocumab.

2 | METHODS

21 | Study design and patients

This was a retrospective cohort study using clinical laboratory data
(Prognos, New York, NY), linked to medical and prescription claims
data (IQVIA open source pharmacy claims [Dx/LRx] and adjudicated
claims [PharMetrics Plus®] databases; IQVIA, Plymouth Meeting,
PA). The study timeframe was from July 1, 2014, to November
30, 2019. Patients with a prescription claim for evolocumab
between July 1, 2015, and October 31, 2019, were identified. The
index date was defined as the patient's first fill for evolocumab dur-
ing this period. The pre-index (baseline) period was the 12-month
period preceding the index event, during which baseline demo-
graphics and clinical characteristics were collected. Patients were
followed-up for a minimum of 1 month up to 12 months after initia-
tion of evolocumab or until evolocumab discontinuation (defined as
a gap of > 30 or > 60 days in the overall cohort and recent Ml sub-
group, respectively, between the end of days' supply from a pre-
scription to the next expected fill date).

Patients were required to be > 18 years of age at the index date,
have sufficient pharmacy and medical claims data during the
12 months pre-index, have a pre-index LDL-C (the highest value
recorded during the 6 months pre-index) > 70 mg/dL (> 1.8 mmol/L),
and no gap in evolocumab use of > 30 days from the expected fill date
before the first post-index LDL-C. The full list of inclusion criteria is
shown in Supplementary Figure 1. Additionally, we identified a patient
subgroup with an inpatient claim for Ml within 12 months before the
first evolocumab fill. A > 60-day gap in evolocumab use was used as
the inclusion criterion for the recent Ml subgroup, in order to maxi-

mize the sample size (Supplementary Figure 1).
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As the study used only existing de-identified patient records,
institutional review board approval and patient informed consent
were not required. All authors had full access to the study data and
take responsibility for its integrity. Investigations were in accordance

with the Declaration of Helsinki.

2.2 | Outcomes

We assessed baseline demographics (age, sex, insurance type) and
clinical characteristics, including ASCVD diagnosis (MI, unstable
angina, stroke [IS or transient ischemic attack], coronary revascu-
larization, PAD, or other ASCVD [Supplementary Table 1 lists the
International Classification of Diseases, Current Procedural Termi-
nology, and Healthcare Common Procedure Coding System codes
used for ASCVD diagnosis]), comorbidities, LDL-C levels, and LLT
utilization. The median of the lowest post-index LDL-C for each
cohort was calculated from the lowest LDL-C value recorded for
each patient during the 12-month follow-up period or until treat-
ment discontinuation. Percent change from baseline median
LDL-C to the lowest post-index median LDL-C was also calculated
for each cohort. The proportions of patients meeting LDL-C
thresholds (< 40 mg/dL [< 1.0 mmol/L], < 55 mg/dL [< 1.4 mmol/
L], < 70 mg/dL [< 1.8 mmol/L], and < 70 mg/dL [< 1.8 mmol/L] or
a > 50% reduction) were assessed, based on the lowest post-
index LDL-C value recorded during the 12-month follow-up
period. The proportions of patients meeting LDL-C thresholds
were also calculated in patients with baseline LDL-C 70-189 mg/
dL (1.8-4.9 mmol/L) to assess LDL-C lowering in patients without
probable familial hypercholesterolemia (eg, LDL-C > 190 mg/dL
[> 4.9 mmol/L]).

2.3 | Statistical analysis

The study was not designed to make formal statistical comparisons
and was descriptive in nature. Mean (standard deviation [SD]) and
median (interquartile range [IQR]) were calculated for continuous vari-

ables. Frequencies and percentages were calculated for categorical

variables.
3 | RESULTS
3.1 | Baseline demographics and clinical

characteristics

The study included 5897 patients with LDL-C > 70 mg/dL (>
1.8 mmol/L) who initiated evolocumab and 152 patients hospitalized
for MI within 12 months prior to initiating evolocumab. The mean
(SD) age of the overall cohort was 65 (10) years; 51.2% of patients
were men, 61.9% of patients had commercial insurance, and 36.4% of

patients had Medicare (Part C and D) coverage. Demographics of the

recent Ml subgroup were similar, but with more men than in the over-
all cohort (Table 1).

In the overall cohort, 61.9% of patients had a history of ASCVD
(Table 2). Per the 2018 ACC/AHA guideline,** 94.6% of patients had
at least 1 high-risk condition (Table 2). During the 12-month baseline
period, 70.7% and 78.3% of patients in the overall cohort and recent
MI subgroup, respectively, were in receipt of any LLT; 60.6% and
69.1% of patients in the overall cohort and recent Ml subgroup,
respectively, were in receipt of any statin. High-intensity statins were
used in 26.6% and 38.2% of patients in the overall cohort and recent
Ml subgroup, respectively (Table 2).

3.2 | LDL-C reduction with evolocumab in the
overall cohort

The baseline median (IQR) LDL-C was 146 (115-180) mg/dL (3.8
[3.0-4.7] mmol/L) (Table 2; Figure 1). The median (IQR) follow-up
time was 213 (106-365) days. Following the initiation of evolocumab,
median (IQR) LDL-C levels decreased in the first 3 months to
64 (39-95) mg/dL (1.7 [1.0-2.5] mmol/L), and this reduction was
maintained over the subsequent 9 months of therapy (Figure 1). The
lowest median (IQR) LDL-C value observed during the follow-up
period was 58 (36-84) mg/dL (1.5 [0.9-2.2] mmol/L), corresponding
to a —60% change in LDL-C from baseline to the lowest median LDL-
C recorded with evolocumab treatment. In the first 3 months of treat-
ment, 55.4% of patients achieved LDL-C < 70 mg/dL (< 1.8 mmol/L)
and 67.7% of patients achieved LDL-C < 70 mg/dL (< 1.8 mmol/L) or
a > 50% reduction in LDL-C. Over 1 year of treatment, 62.1% of
patients achieved LDL-C < 70 mg/dL (< 1.8 mmol/L) and 74.6% of
patients achieved LDL-C < 70 mg/dL (< 1.8 mmol/L) or a> 50%
reduction in LDL-C (Figure 2). Of those with baseline LDL-C
70-189 mg/dL (1.8-4.9 mmol/L), 69.9% of patients achieved LDL-
C<70mg/dL (< 1.8 mmol/L) and 54.0% of patients achieved
LDL-C < 55 mg/dL (< 1.4 mmol/L); 75.6% of patients achieved LDL-
C<70mg/dL (< 1.8 mmol/L) or a>50% reduction in LDL-C
(Figure 2). Of those with probable familial hypercholesterolemia at

TABLE 1 Baseline demographic characteristics
Overall Recent Ml
evolocumab cohort subgroup
Demographic characteristic (N = 5897) (N = 152)
Age, mean (SD), years 65 (10) 65 (10)
Age, median, years 65 63
Age > 65 years, % 53.6 46.7
Sex, male, % 51.2 61.2
Payer type, %
Commercial 61.9 63.2
Medicare (Part C and D) 36.4 36.8
Other 1.7 0.0

Note: A > 60-day treatment gap was used to define discontinuation for
the recent Ml subgroup. MI, myocardial infarction; SD, standard deviation.
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TABLE 2

Clinical characteristic
CClI, mean (SD)

LDL-C, mean (SD),
mg/dL, [mmol/L]

LDL-C, median (IQR),
mg/dL, [mmol/L]

LDL-C category, %

70-99 mg/dL
(1.8-2.6 mmol/L)

100-129 mg/dL
(2.6-3.3 mmol/L)

130-189 mg/dL
(3.4-4.9 mmol/L)

> 190 mg/dL
(> 4.9 mmol/L)

Probable FH?, %
Baseline LLT, %
Any statin/ezetimibe
Any statin
Statin only

High-intensity
statin

Medium-intensity
statin

Low-intensity statin
Statin plus ezetimibe

High-intensity
statin

Medium-intensity
statin

Low-intensity statin
Ezetimibe only
ASCVD diagnosis, %

At least 1 ASCVD
diagnosis, including
other ASCVDP

M
UA
Stroke (IS or TIA)

Revascularization
(PCI, CABG, other)

PAD
Other ASCVDP

Baseline clinical characteristics

Overall evolocumab
cohort (N = 5897)

2.0(2.1)

152 (51)
[3.9 (1.3)]
146 (115-180)
[3.8 (3.0-4.7)]

13.7
225
43.5
20.3

36.1

70.7
60.6
38.6
155

184

4.7
22.0
111

8.5

25
101

61.9

204
37
74
20.0

231
85.6

ACC/AHA high-risk conditions, %

At least 1 ACC/AHA
high-risk condition

Age > 65 years
HeFH

History of prior
CABG/PCI

94.6

53.6
14.8
9.8

DESAI ET AL
TABLE 2 (Continued)
Recent Ml Recent MI
subgroup Overall evolocumab subgroup
(N =152) Clinical characteristic cohort (N = 5897) (N = 152)
4.1 (2.5) Diabetes mellitus 35.7 48.7
140 (41) Hypertension 53.9 83.6
[3.6 (1.1)] CKD 5.8 184
137 (109-165) Current smoking 4.5 15.8
[3.5(2.8-4.3)]
Persistently elevated 66.8 64.5
LDL-C > 100 mg/dL
171 (> 2.6 mmol/L)
despite maximally
23.7 tolerated statin and
ezetimibe
493 History of congestive 7.0 31.6
heart failure
9.9 At least 1 MACES, % 8.1 90.1
#Pre-index LDL-C > 190 mg/dL (>4.9 mmol/L) or ICD-10 Dx code E78.01.
31.6 bAny condition that was listed under ASCVD other than M, UA, stroke
(IS or TIA), revascularization, or PAD.
“MACE defined as MI, UA, revascularization, or IS only. A > 60-day
78.3 treatment gap was used to define discontinuation for the recent Ml
69.1 subgroup. ACC, American College of Cardiology; AHA, American Heart
454 Association; ASCVD, atherosclerotic cardiovascular disease; CABG,
coronary artery bypass graft; CCl, Charlson Comorbidity Index; CKD,
283 chronic kidney disease; FH, familial hypercholesterolemia; HeFH,
heterozygous familial hypercholesterolemia; ICD, International
12.5 Classification of Diseases; IQR, interquartile range; IS, ischemic stroke;
LDL-C, low-density lipoprotein cholesterol; LLT, lipid-lowering therapy;
4.6 MACE, major adverse cardiovascular event; Ml, myocardial infarction;
PAD, peripheral arterial disease; PCI, percutaneous coronary intervention;
23.7 SD, standard deviation; TIA, transient ischemic attack; UA, unstable
9.9 angina.
9.9
40 baseline (eg, LDL-C > 190 mg/dL [> 4.9 mmol/L]), 31.3% of patients
’ achieved LDL-C<70mg/dL (< 1.8 mmol/L) and 17.3% of
9:2 patients achieved LDL-C <55 mg/dL (< 1.4 mmol/L); 70.9% of
patients achieved LDL-C < 70 mg/dL (< 1.8 mmol/L) or a> 50%
100.0 reduction in LDL-C.
100.0 . . .
3.3 | LDL-C reduction with evolocumab following
24.3
recent Ml
10.5
84.9 The median (IQR) time from MI to the initiation of evolocumab was
130 (69-234) days. A similar pattern of early and durable lowering of
19.1
LDL-C over 1 year of therapy was observed in patients with a recent
934 MI (Figure 1). Median (IQR) LDL-C reduced from 137 (109-165)
mg/dL (3.5 [2.8-4.3] mmol/L) at baseline to the lowest median (IQR)
98.0 of 48 (30-78) mg/dL (1.2 [0.8-2.0] mmol/L) during the follow-up
period, corresponding to a —65% change in LDL-C from baseline to
46.7 the lowest median LDL-C recorded with evolocumab treatment.
7.2 Over 1 vyear of treatment, 69.7% of patients achieved
67.1

LDL-C < 70 mg/dL (< 1.8 mmol/L) and 75.7% of patients achieved
LDL-C < 70 mg/dL (< 1.8 mmol/L) or a > 50% reduction in LDL-C. Of
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180+ =@- Overall (N=5,897) =@~ Recent MI (N=152) risk,241¢ and supports a previous real-world study reporting that phy-
1604 sicians were most likely to prescribe PCSK9 inhibitors to patients with

= 1404 elevated LDL-C levels and additional comorbid risk factors for adverse

% 120 CV events.3*

c:; 100 At baseline, LDL-C levels were markedly elevated despite the

é 80 T majority of patients receiving background LLT with statins and/or

é 60+ ezetimibe in the 12 months prior to evolocumab initiation. Of note,

2 a0 l the 60.6% of patients treated with statins prior to evolocumab initia-

207 tion in the current study is considerably higher than that reported in a
Baseline 3 months 6 months 9 months 12 months recently published study where only 29.3% of patients filled a statin

Time in the period 31-365 days prior to PCSK9 inhibitor initiation.>> The

relatively higher proportion of patients treated with statins in the cur-

FIGURE 1 Reduction in median LDL-C from baseline over 1 year

of treatment with evolocumab in the overall cohort and recent Ml
subgroup. Vertical bars represent interquartile ranges. LDL-C, low-
density lipoprotein cholesterol; MI, myocardial infarction

M Overall (N=5,897) M Recent Ml (N=152)

80

70
g 604
i)
c
.8 50+
T
Q
%5 40
s
£ 301
o
Q
o 209
o

104

0-
<40 <55 <70 <700r=50% <40 <55 <70 <70 or =50%
reduction reduction
Patients with baseline LDL-C 270 mg/dL  Patients with baseline LDL-C 70-189 mg/dL
LDL-C (mg/dL)

FIGURE 2 Post-index LDL-C thresholds after initiating

evolocumab in the overall cohort and recent Ml subgroup. Based on
the lowest LDL-C value measured within 12 months after
evolocumab initiation. LDL-C, low-density lipoprotein cholesterol; M,
myocardial infarction

those with baseline LDL-C 70-189 mg/dL (1.8-4.9 mmol/L), 72.3% of
patients achieved LDL-C < 70 mg/dL (< 1.8 mmol/L) and 59.1% of
patients achieved LDL-C <55mg/dL (< 1.4 mmol/L); 75.9% of
patients achieved LDL-C < 70 mg/dL (< 1.8 mmol/L) or a> 50%
reduction in LDL-C (Figure 2).

4 | DISCUSSION

This real-world analysis describes the characteristics and LDL-C out-
comes of patients who initiated evolocumab therapy between July
1, 2015, and October 31, 2019, in US healthcare settings, including
patients with a recent MI within 12 months (median 130 days) prior
to starting evolocumab therapy. Overall, patient clinical characteristics
were largely consistent with the recommendation that patients
selected for PCSK9 inhibitor therapy are those with high levels of CV

rent study may be accounted for by lower levels of statin intolerance
versus earlier patient cohorts who initiated PCSK9 inhibitors following
their Food and Drug Administration (FDA) approval in 2015%; how-
ever, statin intolerance was not assessed in the current study and
therefore firm conclusions should be avoided.

In the overall cohort, evolocumab therapy resulted in clinically rel-
evant LDL-C reductions in line with current guideline recommenda-
tions. 1416 Notably, the reduction from baseline to the lowest
recorded median LDL-C was 60%, and despite the high baseline
LDL-C, 62.1% of patients achieved LDL-C < 70 mg/dL (< 1.8 mmol/L).
Moreover, 70.9% of patients with probable familial hypercholesterol-
emia at baseline (eg, LDL-C > 190 mg/dL [> 4.9 mmol/L]), achieved
LDL-C < 70 mg/dL (< 1.8 mmol/L) or a > 50% reduction in LDL-C;
however, the benefits of evolocumab were also consistent in patients
without probable familial hypercholesterolemia at baseline. The per-
cent reduction in LDL-C observed in the current real-world study is in

51011 including

line with that observed in previous evolocumab trials,
the 59% reduction in LDL-C reported in the FOURIER trial.> More-
over, the current results demonstrate the durability of the LDL-C low-
ering effect of evolocumab, with the large initial reduction in median
LDL-C during the first 3 months maintained over the subsequent
9 months of therapy in real-world clinical practice. The proportions of
LDL-C < 70 mg/dL (< 1.8 mmol/L)

and < 55 mg/dL (< 1.4 mmol/L) in the current study are higher than in

patients who  achieved
a recently reported real-world analysis of PCSK9 inhibitor initiation
between January 2016 and December 2019 in a large health mainte-
nance organization, where 55% and 38% of patients with established
CVD achieved LDL-C < 70 mg/dL (< 1.8 mmol/L) and < 55 mg/dL
(< 1.4 mmol/L), respectively.>®

The current study provides novel and pertinent real-world data on
evolocumab therapy in patients at the highest level of CV risk. Litera-
ture suggests that substantial residual risk for Ml and coronary heart
disease events remains after an MI, despite intensive guideline-directed
medical management including high-intensity statins.3¢ Thus, treatment
to reduce CV risk during this period is critical, with it now recognized
that patients at the highest levels of CV risk are likely to derive greater
benefit from PCSK9 inhibition.22%37 Here, we assessed a patient sub-
group with a median of 130 days between MI and evolocumab initia-
tion. Despite a recent M, these patients had highly elevated LDL-C,
exposing them to a high residual CV risk and confirming a pervasive

unmet treatment need in this patient population. Similar to the overall
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cohort, evolocumab demonstrated clinically relevant LDL-C lowering,
with a 65% reduction from baseline to the lowest recorded median
LDL-C. Moreover, 69.7% of patients achieved LDL-C < 70 mg/dL (<
1.8 mmol/L), and 75.7% of patients achieved LDL-C < 70 mg/dL (<
1.8 mmol/L) or a > 50% reduction. Notably, the proportion of patients
with a recent Ml who achieved LDL-C < 70 mg/dL (< 1.8 mmol/L) with
evolocumab is approximately 3 times higher than that in existing real-
world studies of LLT in patients with elevated CV risk (ie, recent
ACS).*820 Therefore, the current results indicate that initiating
evolocumab therapy soon after an Ml to achieve early, intensive, and
durable LDL-C lowering may address the unmet treatment need in this
patient population. Indeed, a secondary analysis from the FOURIER trial
recently reported that 91.7% of patients with a recent Ml (< 1 year)
achieved LDL-C<70mg/dL (< 1.8 mmol/L) after 4 weeks of
evolocumab treatment.??

The Evolocumab for Early Reduction of LDL-Cholesterol Levels in
Patients With Acute Coronary Syndromes (EVOPACS) trial was the
first to assess PCSK9 inhibitor antibody treatment during the acute
phase of ACS.%® After 8 weeks of evolocumab treatment, 95.7% of
patients achieved LDL-C < 70 mg/dL (< 1.8 mmol/L) and the mean
reduction in LDL-C from baseline was 77.1%.3% A higher proportion
of patients achieved LDL-C <70mg/dL (< 1.8 mmol/L) with
evolocumab in the EVOPACS trial than in the current study; however,
there are salient differences in study design that may account for the
difference. Specifically, EVOPACS was a randomized, placebo-
controlled trial that combined evolocumab with a high-intensity statin
in a predominately statin-naive population.3® Thus, larger reductions
in LDL-C may be expected than in the current study, where most
patients were in receipt of LLT at baseline but not necessarily during
the evolocumab treatment period, as concomitant LLT was not a
study requirement.

41 | Limitations

The current study has a number of limitations. Firstly, medical history
among patients in the LRx database may have been under-captured
due to the open nature of the data and no requirement for continuous
coverage at the patient level. Secondly, it was subject to the
established limitations of real-world research using claims databases,
including limited generalizability to patients without health insurance.
Thirdly, as evolocumab therapy was ascertained from documented
prescriptions, it was not clear if the patient used the product on the
expected schedule. Fourthly, it has been reported that the most com-
mon physician-reported reason for initiating PCSK9 inhibitor treat-
ment in real-world clinical practice is a lack of statin efficacy®?;
however, in the current study we were unable to assess physician and
patient factors (eg, statin intolerance) influencing treatment choice.
Fifth, the recent Ml subgroup was relatively small. Finally, the current
study ended shortly after the 2018 ACC/AHA blood cholesterol
guideline was published?; therefore, putative changes in treatment
patterns arising from the adoption of the guideline updates were

unable to be fully observed in this study.

5 | CONCLUSIONS

In conclusion, many patients initiating evolocumab therapy in US clini-
cal practice had highly elevated LDL-C, and high-risk comorbidities
and/or ASCVD were common. Consistent with previous clinical

studies,>1011

in the real-world, evolocumab demonstrated clinically rel-
evant LDL-C reductions that were maintained over 1 year of treatment

for all initiators and among the highest-risk patients with a prior Ml.

ACKNOWLEDGMENTS

Medical writing support, which was in accordance with Good Publica-
tion Practice (GPP3) guidelines, was provided by Liam Gillies, PhD, of
Cactus Life Sciences (part of Cactus Communications), and funded by
Amgen Inc. The study was funded by Amgen Inc. The sponsor was
involved in the study design; the collection, analysis, and interpreta-
tion of data; in the writing of the report; and in the decision to submit

the article for publication.

CONFLICT OF INTEREST

Nihar R. Desai reports research grants from Medtronic, Johnson &
Johnson; consulting fees from Amgen Inc, Relypsa, OPKO,
scPharmaceuticals, and Cytokinetics. Rolin L. Wade, Xin Wang, Chi-
Chang Chen are employees of IQVIA, which was hired by Amgen to
conduct this study. Pin Xiang was an employee of Amgen Inc. when
the study was conducted and is an employee of Boehringer Ingelheim.
Sasikiran Nunna was an employee of IQVIA when the study was con-
ducted and is an employee of Bristol Myers Squibb. Lionel Pinto,
Jason Exter, Katherine E. Mues, Mohdhar Habib are employees of

Amgen Inc. and own Amgen stock.

DATA AVAILABILITY STATEMENT
Qualified researchers may request data from Amgen clinical studies.
Complete details are available at the following: http://www.amgen.

com/datasharing.

REFERENCES

1. Virani SS, Alonso A, Benjamin EJ, et al. Heart disease and stroke
statistics-2020 update: a report from the American Heart Association.
Circulation. 2020;141(9):e139-e596. https://doi.org/10.1161/CIR.
0000000000000757.

2. Khavjou O, Phelps D, Leib A. Projections of cardiovascular disease
prevalence and costs: 2015-2035. https://healthmetrics.heart.org/wp-
content/uploads/2017/10/Projections-of-Cardiovascular-Disease.pdf
(accessed March 2020).

3. Verschuren WM, Jacobs DR, Bloemberg BPM, et al. Serum total cho-
lesterol and long-term coronary heart disease mortality in different
cultures. Twenty-five-year follow-up of the seven countries study.
JAMA.  1995;274(2):131-136. https://doi.org/10.1001/jama.1995.
03530020049031.

4. Pekkanen J, Linn S, Heiss G, et al. Ten-year mortality from cardiovas-
cular disease in relation to cholesterol level among men with and
without preexisting cardiovascular disease. N Engl J Med. 1990;322
(24):1700-1707. https://doi.org/10.1056/NEJM199006143222403.

5. Sabatine MS, Giugliano RP, Keech AC, et al. Evolocumab and clinical
outcomes in patients with cardiovascular disease. N Engl J Med. 2017,
376(18):1713-1722. https://doi.org/10.1056/NEJMoal615664.


http://www.amgen.com/datasharing
http://www.amgen.com/datasharing
https://doi.org/10.1161/CIR.0000000000000757
https://doi.org/10.1161/CIR.0000000000000757
https://healthmetrics.heart.org/wp-content/uploads/2017/10/Projections-of-Cardiovascular-Disease.pdf
https://healthmetrics.heart.org/wp-content/uploads/2017/10/Projections-of-Cardiovascular-Disease.pdf
https://doi.org/10.1001/jama.1995.03530020049031
https://doi.org/10.1001/jama.1995.03530020049031
https://doi.org/10.1056/NEJM199006143222403
https://doi.org/10.1056/NEJMoa1615664

DESAI ET AL.

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Schwartz GG, Steg PG, Szarek M, et al. Alirocumab and cardiovascular
outcomes after acute coronary syndrome. N Engl J Med. 2018;379
(22):2097-2107. https://doi.org/10.1056/NEJM0a1801174.
Boekholdt SM, Hovingh GK, Mora S, et al. Very low levels of athero-
genic lipoproteins and the risk for cardiovascular events: a meta-
analysis of statin trials. J Am Coll Cardiol. 2014;64(5):485-494.
https://doi.org/10.1016/j.jacc.2014.02.615.

Silverman MG, Ference BA, Im K, et al. Association between lowering
LDL-C and cardiovascular risk reduction among different therapeutic
interventions: a systematic review and meta-analysis. JAMA. 2016;
316(12):1289-1297. https://doi.org/10.1001/jama.2016.13985.
Murphy SA, Pedersen TR, Gaciong ZA, et al. Effect of the PCSK9
inhibitor evolocumab on total cardiovascular events in patients with
cardiovascular disease: a prespecified analysis from the FOURIER
trial. JAMA Cardiol. 2019;4(7):613-619. https://doi.org/10.1001/
jamacardio.2019.0886.

Blom DJ, Hala T, Bolognese M, et al. A 52-week placebo-controlled
trial of evolocumab in hyperlipidemia. N Engl J Med. 2014;370(19):
1809-1819. https://doi.org/10.1056/NEJM0al1316222.

Sabatine MS, Giugliano RP, Wiviott SD, et al. Efficacy and safety of
evolocumab in reducing lipids and cardiovascular events. N Engl J Med.
2015;372(16):1500-1509. https://doi.org/10.1056/NEJMoa1500858.
Sabatine MS, De Ferrari GM, Giugliano RP, et al. Clinical benefit of
evolocumab by severity and extent of coronary artery disease: analy-
sis from FOURIER. Circulation. 2018;138(8):756-766. https://doi.org/
10.1161/CIRCULATIONAHA.118.034309.

Giugliano RP, Pedersen TR, Park J-G, et al. Clinical efficacy and safety
of achieving very low LDL-cholesterol concentrations with the PCSK9
inhibitor evolocumab: a prespecified secondary analysis of the FOU-
RIER trial. Lancet. 2017;390(10106):1962-1971. https://doi.org/10.
1016/50140-6736(17)32290-0.

Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/-
ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/P-
CNA guideline on the management of blood cholesterol: executive
summary: a report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines. J Am
Coll Cardiol. 2019;73(24):3168-3209. https://doi.org/10.1016/j.jacc.
2018.11.002.

Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS guidelines for
the management of dyslipidaemias: lipid modification to reduce car-
diovascular risk. Eur Heart J. 2020;41(1):111-188. https://doi.org/10.
1093/eurheartj/ehz455.

Jellinger PS, Handelsman Y, Rosenblit PD, et al. American Association
of Clinical Endocrinologists and American College of Endocrinology
guidelines for management of dyslipidemia and prevention of cardio-
vascular disease. Endocr Pract. 2017;23(Suppl 2):1-87. https://doi.
org/10.4158/EP171764.APPGL.

Mitchell S, Roso S, Samuel M, Pladevall-Vila M. Unmet need in the
hyperlipidaemia population with high risk of cardiovascular disease: a
targeted literature review of observational studies. BMC Cardiovasc Dis-
ord. 2016;16:74;16:74. https://doi.org/10.1186/s12872-016-0241-3.
Reiner 7, De Backer G, Fras Z, et al. Lipid lowering drug therapy in
patients with coronary heart disease from 24 European countries—
findings from the EUROASPIRE IV survey. Atherosclerosis. 2016;246:
243-250. https://doi.org/10.1016/j.atherosclerosis.2016.01.018.
Gitt AK, Lautsch D, Ferriéres J, et al. Cholesterol target value attain-
ment and lipid-lowering therapy in patients with stable or acute coro-
nary heart disease: results from the Dyslipidemia International Study
Il.  Atherosclerosis. 2017;266:158-166. https://doi.org/10.1016/j.
atherosclerosis.2017.08.013.

Chiang CE, Ferrieres J, Gotcheva NN, et al. Suboptimal control of lipid
levels: results from 29 countries participating in the Centralized Pan-
Regional Surveys on the Undertreatment of Hypercholesterolaemia
(CEPHEUS). J Atheroscler Thromb. 2016;23(5):567-587. https://doi.
org/10.5551/jat.31179.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

cvees ISR

Colantonio LD, Shannon ED, Orroth KK, et al. Ischemic event rates in
very-high-risk adults. J Am Coll Cardiol. 2019;74(20):2496-2507.
https://doi.org/10.1016/j.jacc.2019.09.025.

Lin I, Sung J, Sanchez RJ, et al. Patterns of statin use in a real-world
population of patients at high cardiovascular risk. J Manag Care Spec
Pharm. 2016;22(6):685-698. https://doi.org/10.18553/jmcp.2016.
22.6.685.

Toth PP, Granowitz C, Hull M, Anderson A, Philip S. Long-term statin
persistence is poor among high-risk patients with dyslipidemia: a real-
world administrative claims analysis. Lipids Health Dis. 2019;18(1):
175. https://doi.org/10.1186/s12944-019-1099-z.

Colantonio LD, Huang L, Monda KL, et al. Adherence to high-
intensity statins following a myocardial infarction hospitalization
among Medicare beneficiaries. JAMA Cardiol. 2017;2(8):890-895.
https://doi.org/10.1001/jamacardio.2017.0911.

Daniel H, Christian W, Robin H, et al. Statin treatment after acute
coronary syndrome: adherence and reasons for non-adherence in a
randomized controlled intervention trial. Sci Rep. 2019;9(1):12079.
https://doi.org/10.1038/s41598-019-48540-3.

Mann DM, Woodward M, Muntner P, Falzon L, Kronish |. Predictors
of nonadherence to statins: a systematic review and meta-analysis.
Ann Pharmacother. 2010;44(9):1410-1421. https://doi.org/10.1345/
aph.1P150.

Ramsaran E, Preusse P, Sundaresan D, et al. Adherence to blood cho-
lesterol treatment guidelines among physicians managing patients
with atherosclerotic cardiovascular disease. Am J Cardiol. 2019;124
(2):169-175. https://doi.org/10.1016/j.amjcard.2019.04.017.
Repatha® (evolocumab) prescribing information, Amgen. https://www.
pi.amgen.com/~/media/amgen/repositorysites/pi-amgen-com/repatha/
repatha_pi_hcp_english.pdf (accessed March 2020).

Gencer B, Mach F, Murphy SA, et al. Efficacy of evolocumab on
cardiovascular outcomes in patients with recent myocardial infarction:
a prespecified secondary analysis from the FOURIER trial. JAMA Car-
diol. 2020;5(8):1-6. https://doi.org/10.1001/jamacardio.2020.0882.
Cohen JD, Cziraky MJ, Jacobson TA, Maki KC, Karalis DG. Barriers to
PCSK?9 inhibitor prescriptions for patients with high cardiovascular
risk: results of a healthcare provider survey conducted by the
National Lipid Association. J Clin Lipidol. 2017;11(4):891-900. https://
doi.org/10.1016/j.jacl.2017.04.120.

Baum SJ, Toth PP, Underberg JA, Jellinger P, Ross J, Wilemon K.
PCSK9 inhibitor access barriers-issues and recommendations:
improving the access process for patients, clinicians and payers. Clin
Cardiol. 2017;40(4):243-254. https://doi.org/10.1002/clc.22713X.
Kaufman TM, Duell PB, Purnell JQ, et al. Application of PCSK9 inhibi-
tors in practice: challenges and opportunities. Circ Res. 2017;121(5):
499-501. https://doi.org/10.1161/CIRCRESAHA.117.311532.

Zafrir B, Egbaria A, Stein N, Elis A, Saliba W. PCSK9 inhibition in clini-
cal practice: treatment patterns and attainment of lipid goals in a large
health maintenance organization. J Clin Lipidol. 2020;51933-2874
(20):30330-30335. https://doi.org/10.1016/j.jacl.2020.11.004.

Baum SJ, Wade RL, Xiang P, et al. Demographic and clinical character-
istics of patients prescribed proprotein convertase subtilisin/kexin
type 9 inhibitor therapy and patients whose current lipid-lowering
therapy was modified. Ther Clin Risk Manag. 2019;15:1325-1332.
https://doi.org/10.2147/TCRM.S5216606.

Rymer JA, Mues KE, Monda KL, et al. Use of low-density lipoprotein-
lowering therapies before and after PCSK9 inhibitor initiation. J Am
Heart Assoc. 2020;9(9):e014347. https://doi.org/10.1161/JAHA.119.
014347.

Brown TM, Bittner V, Colantonio LD, et al. Residual risk for coronary
heart disease events and mortality despite intensive medical manage-
ment after myocardial infarction. J Clin Lipidol. 2020;14(2):260-270.
https://doi.org/10.1016/j.jacl.2020.01.004.

Roe MT, Li QH, Bhatt DL, et al. Risk categorization using new
American College of Cardiology/American Heart Association


https://doi.org/10.1056/NEJMoa1801174
https://doi.org/10.1016/j.jacc.2014.02.615
https://doi.org/10.1001/jama.2016.13985
https://doi.org/10.1001/jamacardio.2019.0886
https://doi.org/10.1001/jamacardio.2019.0886
https://doi.org/10.1056/NEJMoa1316222
https://doi.org/10.1056/NEJMoa1500858
https://doi.org/10.1161/CIRCULATIONAHA.118.034309
https://doi.org/10.1161/CIRCULATIONAHA.118.034309
https://doi.org/10.1016/S0140-6736(17)32290-0
https://doi.org/10.1016/S0140-6736(17)32290-0
https://doi.org/10.1016/j.jacc.2018.11.002
https://doi.org/10.1016/j.jacc.2018.11.002
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.4158/EP171764.APPGL
https://doi.org/10.4158/EP171764.APPGL
https://doi.org/10.1186/s12872-016-0241-3
https://doi.org/10.1016/j.atherosclerosis.2016.01.018
https://doi.org/10.1016/j.atherosclerosis.2017.08.013
https://doi.org/10.1016/j.atherosclerosis.2017.08.013
https://doi.org/10.5551/jat.31179
https://doi.org/10.5551/jat.31179
https://doi.org/10.1016/j.jacc.2019.09.025
https://doi.org/10.18553/jmcp.2016.22.6.685
https://doi.org/10.18553/jmcp.2016.22.6.685
https://doi.org/10.1186/s12944-019-1099-z
https://doi.org/10.1001/jamacardio.2017.0911
https://doi.org/10.1038/s41598-019-48540-3
https://doi.org/10.1345/aph.1P150
https://doi.org/10.1345/aph.1P150
https://doi.org/10.1016/j.amjcard.2019.04.017
https://www.pi.amgen.com/~/media/amgen/repositorysites/pi-amgen-com/repatha/repatha_pi_hcp_english.pdf
https://www.pi.amgen.com/~/media/amgen/repositorysites/pi-amgen-com/repatha/repatha_pi_hcp_english.pdf
https://www.pi.amgen.com/~/media/amgen/repositorysites/pi-amgen-com/repatha/repatha_pi_hcp_english.pdf
https://doi.org/10.1001/jamacardio.2020.0882
https://doi.org/10.1016/j.jacl.2017.04.120
https://doi.org/10.1016/j.jacl.2017.04.120
https://doi.org/10.1002/clc.22713X
https://doi.org/10.1161/CIRCRESAHA.117.311532
https://doi.org/10.1016/j.jacl.2020.11.004
https://doi.org/10.2147/TCRM.S216606
https://doi.org/10.1161/JAHA.119.014347
https://doi.org/10.1161/JAHA.119.014347
https://doi.org/10.1016/j.jacl.2020.01.004

= Lwiev- G

38.

39.

DESAI ET AL.

guidelines for cholesterol management and its relation to
alirocumab treatment following acute coronary syndromes. Circula-
tion. 2019;140(19):1578-1589. https://doi.org/10.1161/
CIRCULATIONAHA.119.042551.

Koskinas KC, Windecker S, Pedrazzini G, et al. Evolocumab for early
reduction of LDL cholesterol levels in patients with acute coronary
syndromes (EVOPACS). J Am Coll Cardiol. 2019;74(20):2452-2462.
https://doi.org/10.1016/j.jacc.2019.08.010.

Rane PB, Patel J, Harrison DJ, et al. Patient characteristics and real-
world treatment patterns among early users of PCSK9 inhibitors.
Am J Cardiovasc Drugs. 2018;18(2):103-108. https://doi.org/10.
1007/s40256-017-0246-z.

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Desai NR, Wade RL, Xiang P, et al.
Low-density lipoprotein cholesterol lowering in real-world
patients treated with evolocumab. Clin Cardiol. 2021;44:
715-722. https://doi.org/10.1002/clc.23600



https://doi.org/10.1161/CIRCULATIONAHA.119.042551
https://doi.org/10.1161/CIRCULATIONAHA.119.042551
https://doi.org/10.1016/j.jacc.2019.08.010
https://doi.org/10.1007/s40256-017-0246-z
https://doi.org/10.1007/s40256-017-0246-z
https://doi.org/10.1002/clc.23600

	Low-density lipoprotein cholesterol lowering in real-world patients treated with evolocumab
	1  INTRODUCTION
	2  METHODS
	2.1  Study design and patients
	2.2  Outcomes
	2.3  Statistical analysis

	3  RESULTS
	3.1  Baseline demographics and clinical characteristics
	3.2  LDL-C reduction with evolocumab in the overall cohort
	3.3  LDL-C reduction with evolocumab following recent MI

	4  DISCUSSION
	4.1  Limitations

	5  CONCLUSIONS
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  DATA AVAILABILITY STATEMENT

	REFERENCES


