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ABSTRACT

Introduction: The cardiovascular disease risk
reduction benefits of proprotein convertase
subtilisin/kexin type 9 inhibitor monoclonal
antibodies (PCSK9i mAb) and ezetimibe are
dependent on remaining on treatment and
being persistent and adherent. We estimated
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the percentage of patients on therapy, persis-
tent and adherent at 182 and 365 days among
US adults with health insurance who initiated a
PCSK9i mAb (n=16,588) or ezetimibe
(n = 83,086) between July 2015 and December
2019.

Methods: Using pharmacy fill claims, being on
therapy was defined as having a day of medi-
cation supply in the last 60 of 182 and 365 days
following treatment initiation, being persistent
was defined as not having a gap of 60 days or
more between the last day of supply from one
prescription fill and the next fill, and being
adherent was defined by having medication
available to take on > 80% of the 182 and
365 days following treatment initiation. We
estimated multivariable-adjusted risk ratios for
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being persistent and adherent comparing
patients initiating PCSK9i mAb versus ezetimibe
using Poisson regression.

Results: At 182 days following initiation, 80%
and 68% were on therapy and 76% and 64%
were persistent among patients who initiated a
PCSK9i mAb and ezetimibe, respectively.
Among patients who were on therapy and per-
sistent at 182 days following initiation, 88%
and 81% of those who initiated a PCSK9i mAb
and ezetimibe, respectively, were on therapy at
365 days. Among those on therapy and persis-
tent at 182 days following initiation, being
persistent and being adherent at 365 days were
each more common among PCSK9i mAb versus
ezetimibe initiators (persistent: 82% versus
76%, multivariable-adjusted risk ratio 1.07; 95%
confidence interval [CI] 1.06-1.08; adherent:
74% versus 71%, multivariable-adjusted risk
ratio 1.02; 95% CI 1.01-1.03).

Conclusions: These data suggest approaches to
increase persistence and adherence to PCSK9i
mAb and ezetimibe should be implemented
prior to or within 182 days following treatment
initiation.

Keywords: Persistence; Adherence; Lipid-lower-
ing medication; PCSK9 inhibitor monoclonal
antibodies; Ezetimibe

Key Summary Points

Why carry out this study?

Proprotein convertase subtilisin/kexin
type 9 (PCSK9) inhibitor monoclonal
antibodies and ezetimibe reduce the risk
for atherosclerotic cardiovascular disease
events.

The effectiveness of these medications is
related to being on treatment, persistent
and adherent.

This study evaluated being on treatment,
persistent and adherent to PCSK9
inhibitor monoclonal antibodies and
ezetimibe at 182 and 365 days following
initiation.

What was learned from the study?

A higher percentage of patients initiating a
PCSK9 inhibitor monoclonal antibody
versus ezetimibe were on treatment,
persistent and adherent.

Among patients who were persistent for
the first 182 days following treatment
initiation, a high percentage remained on
therapy, persistent and adherent at

365 days following treatment initiation.

It may be beneficial to apply interventions
to increase the percentage of patients that
remain on therapy, persistent and
adherent prior to or within 182 days
following initiating PCSK9 inhibitor
monoclonal antibodies and ezetimibe.

INTRODUCTION

In randomized controlled trials, proprotein
convertase subtilisin/kexin type 9 inhibitor
monoclonal antibodies (PCSK9i mAb) and eze-
timibe each lowered low-density lipoprotein
cholesterol (LDL-C) and reduced the risk for
atherosclerotic cardiovascular disease (ASCVD)
events [1-3]. In these and other trials, PCSK9i
mAb and ezetimibe were well tolerated; the
occurrence of side effects was low, with < 7% of
participants having discontinued treatment
annually [1-5]. The effectiveness of lipid-low-
ering medications is related to remaining on
treatment and being persistent and adherent
[6-8]. Documenting the percentage of patients
who remain on treatment, persistent and
adherent following initiation of PCSK9i mAb or
ezetimibe can inform the need for interventions
to improve access to these medications and
medication-taking behaviors.

We compared the percentage of patients on
therapy, persistent and adherent at 182 and
365 days following the initiation of a PCSK9i
mADb versus ezetimibe. Additionally, to inform
when to apply interventions to improve medi-
cation-taking behaviors, we estimated the per-
centage of patients on therapy, persistent and
adherent at 365 days following the initiation
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among those who were persistent at 182 days
following initiation. We studied PCSK9i mAb
and ezetimibe because the 2018 American Heart
Association/American College of Cardiology
(AHA/ACC/Multisociety) cholesterol guideline
and the 2022 ACC Expert Consensus Decision
Pathway recommend these medications as
adjunct treatment for patients at very high risk
for ASCVD events, taking a statin or with statin
associated side effects, and whose LDL-C
is > 70 mg/dl and > 55 mg/dl, respectively
[9, 10].

METHODS

Administrative data from the Truven Health
MarketScan Research Database and Medicare
were analyzed in the current study. The Mar-
ketScan Research Database contains informa-
tion for people in the US with commercial and
Medicare supplementary health insurance.
Medicare is a government program that pro-
vides health insurance for US adults > 65 years
of age and younger adults with end-stage kid-
ney disease or who are disabled. For the current
analysis, we used data from the Marketscan
database, a 5% random sample of all Medicare
beneficiaries (i.e., 5% Medicare sample) and all
Medicare beneficiaries > 65 years of age hospi-
talized for myocardial infarction (MI) with
pharmacy benefits (i.e., 100% Medicare MI
sample). Approval for this analysis was obtained
from the Institutional Review Board at the
University of Alabama at Birmingham. All data
used in this analysis were collected as part of
routine medical care. The requirement to obtain
informed consent for this analysis of de-identi-
fied data was waived by the Institutional Review
Board at the University of Alabama at Birming-
ham. Marketscan data were licensed from
International Business Machines Corporation
(Armonk, NY), and Medicare data were licensed
from the US Centers for Medicare and Medicaid
Services (CMS) Chronic Conditions Warehouse.

We identified adults in the Marketscan
database and all Medicare beneficia-
ries > 65 years of age hospitalized for MI who
had a pharmacy claim for a PCSK9i mAb fill or
ezetimibe between July 1, 2015, and December

31, 2019. From the 5% Medicare sample, we
identified adults who had a pharmacy claim for
a PCSK9i mAb or ezetimibe between July 1,
2015, and December 31, 2018. The date of each
participant’s first PCSK9i mAb or ezetimibe fill
was used as their index date.

We restricted the Marketscan sample to
patients 21-64 years of age on their index date
and the Medicare samples to those who
were > 65 years of age 365 days prior to their
index date. These age restrictions were applied
because almost all Medicare beneficiaries
are > 65 years of age, and this would allow us to
avoid including the same patient from both the
Marketscan and Medicare databases. Also,
patients in the 5% Medicare sample with a his-
tory of MI before their index date were excluded
as they were included in the 100% Medicare MI
sample. Patients in the 100% Medicare MI
sample without an MI before their index date
were excluded because they may be included in
the 5% Medicare sample. To provide adequate
time prior to the first PCSK9i mAb and ezetim-
ibe fill to identify patient characteristics, we
restricted the analyses to patients who lived in
the US and had continuous fee-for-service
inpatient, outpatient and pharmacy coverage
for the 365 days prior to their index date. To
evaluate the outcomes of being on therapy,
persistent and adherent, we required patients to
have pharmacy insurance coverage for the
365 days following their index date.

Outcomes

We assessed three outcomes for PCSK9i mAb
and ezetimibe separately, including the per-
centage of patients on therapy, persistent and
adherent (Fig. 1). These outcomes were evalu-
ated at two times: 182 and 365 days following
treatment initiation. The percentage on therapy
was defined as having at least 1 day of supply in
the last 60 days of the follow-up period (i.e.,
from day 123 to 182 and from day 306 to 365).
Being persistent was defined as not having a gap
of > 60 days between the last day of supply for a
medication and the next pharmacy fill of that
medication [11-13]. Adherence was estimated
using the proportion of days covered (PDC),
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On therapy
X X S X Taking PCSK9i mAb/ezetimibe
X X X Not taking PCSK9i mAb/ezetimibe
| | i | |
Index date 306 days 365 days
Without a day of supply in last 60 days
Persistence
X X X X X X  Persistent
X X- X Not persistent
| \ | | |
I { ) 1 1
Index date { 306 days 365 days
>60 days gap with no PCSK9i mAb or ezetimibe
Adherence
X X X X X X X  Adherent
X—— X X X X Not adherent
| | | | | | |
I 1 T T 1 T 1
Index date 365 days

< 80% of days of supply of a PCSK9i mAb or ezetimibe

Fig. 1 Approach to defining being on therapy for PCSK9i mAb or ezetimibe, persistence and adherence in the current
analysis. PCSK9i mAb proprotein convertase subtilisin/kexin type 9 inhibitor monoclonal antibodies

which was calculated as the percentage of days
for which the patient had a day of supply for a
PCSK9i mAb and ezetimibe, separately. Being
adherent was defined as having medication
available to take on > 80% of days during the
follow-up period (i.e., PDC > 80%) [14].

Patient Characteristics

Demographic factors obtained from adminis-
trative Marketscan and Medicare computer files
included age, sex and region of residence.
Information on race and ethnicity was not
available in Marketscan. Therefore, we did not
include race and ethnicity as variables in the
analyses. Additional factors identified using
administrative claims included calendar period
that PCSK9i mAb and ezetimibe were initiated,
smoking, diabetes, chronic kidney disease, heart
failure, history of ASCVD, having a myocardial
infarction or ischemic stroke in the past year,

history of peripheral artery disease, history of
coronary heart disease, depression, statin use,
non-statin  lipid-lowering medication use,
polypharmacy and a prior visit to a cardiologist.
Among patients taking a statin, we assessed
being adherent in the past year and statin
intolerance. The definitions for these variables
are provided in Supplementary Materials
Table S1. Very high ASCVD risk was defined by a
history of two or more major ASCVD events or a
history of one major ASCVD event with the
presence of two or more high-risk conditions
(10, 15].

Statistical Analysis

Summary statistics for patient characteristics
among those initiating PCSK91 mAb and eze-
timibe, separately, were estimated as percent-
ages for the overall population and for patients
in the Medicare and Marketscan databases,
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separately. The percentage on therapy and per-
sistent, on therapy but not persistent and not
on therapy was estimated at 182 days and
365 days following treatment initiation. We
estimated the mean PDC at 182 and 365 days
following initiation of a PCSK9i mAb and eze-
timibe. The percentages that were on therapy,
persistent and adherent were estimated at 182
and 365 days following initiation of a PCSK9i
mAb or ezetimibe with the statistical signifi-
cance of differences between those initiating
PCSK9i mAb and ezetimibe determined using
chi-square tests. We used multivariable-adjusted
Poisson regression models with robust variance
estimates to calculate the risk ratios for
remaining on therapy and being persistent and
adherent between those who initiated a PCSK9i
mAD versus ezetimibe at 182 days and 365 days
following treatment initiation. Initial models
included adjustment for calendar period of ini-
tiation, age and sex (Model 1). A second level of
adjustment included calendar period of treat-
ment initiation, age, sex, region of residence,
smoking, diabetes, chronic kidney disease, heart
failure, having a history of ASCVD, depression,
statin use, statin adherence among those taking
a statin, statin intolerance, non-statin lipid-
lowering medication use, polypharmacy and
having a prior visit to a cardiologist (Model 2).
All analyses that assessed outcomes at 365 days
following treatment initiation were conducted
for the overall population and among those
who were persistent at 182 days and 365 days
following treatment initiation. In a sensitivity
analysis, the percentages of patients that were
on therapy, persistent and adherent and risk
ratios were estimated after excluding patients
who initiated ezetimibe and then a PCSK9i mAb
(n = 2944), a PCSK9i mAb and then ezetimibe
(n = 477) or ezetimibe and a PCSK9i mAb on the
same day (n = 4).

Guidelines and consensus statements rec-
ommend initiation of a PCSK9i mAb or eze-
timibe for patients with a very high risk of
recurrent events and whose LDL-C is > 70 mg/
dl and > 55 mg/dl while taking a maximally
tolerated statin [9, 10]. Therefore, we estimated
the percentage of patients and risk ratios for
being on therapy, persistent and adherent
associated with initiating a PCSK9i mAb versus

ezetimibe among those at very high ASCVD risk
and not at very high risk, separately. Risk ratios
were calculated with the second level of
adjustment described above with differences in
the risk ratios for those with and without very
high ASCVD risk, in the Marketscan and Medi-
care databases, and for women and men, sepa-
rately, assessed using multiplicative interaction
terms. LDL-C levels were not available in the
Marketscan or Medicare databases. Analyses
were conducted using SAS version 9.4 (SAS
Institute, Cary, NC).

RESULTS

Overall, 16,588 patients initiated a PCSK9i mAb
and 83,086 patients initiated ezetimibe and met
the inclusion criteria (Supplementary Materials
Fig. S1). Patients who initiated both a PCSK9i
mAD and ezetimibe (n = 3125) were included in
both groups. Compared to patients who initi-
ated ezetimibe, those who initiated a PCSK9i
mAD were older; more likely to have a history of
ASCVD, a history of coronary heart disease
(CHD) and very high ASCVD risk; to not be
taking a statin; to be taking a non-statin lipid-
lowering medication; to be on polypharmacy
and to have a cardiologist visit in the year
before treatment initiation (Table 1). Among
patients who were taking a statin in the year
prior to treatment initiation, those initiating a
PCSK9i mAb were less likely to be adherent to
this medication compared with their counter-
parts initiating ezetimibe. Characteristics of
patients who initiated a PCSK9i mAb and eze-
timibe for Medicare beneficiaries and those in
the Marketscan database, separately, are shown
in Supplementary Materials Table S2.

At 182 days following initiation of a PCSK9i
mAb and ezetimibe, 76% and 64% of patients,
respectively, were on therapy and persistent
(Fig. 2). At 365 days following initiation of
PCSK9i mAb and ezetimibe, 62% and 48% of
patients, respectively, were on therapy and
persistent. Among patients who were persistent
to their treatment at 182 days following initia-
tion, 82% and 75% of those who initiated a
PCSK9i mAb and ezetimibe, respectively, were
on therapy at 365 days. At 182 and 365 days
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Table 1 Characteristics of patients initiating a PCSK9i mAb or ezetimibe

Characteristics

PCSK9i mAb (z = 16,588)

Ezetimibe (» = 83,086)

Date of initiation

July 2015-June 2016

July 2016-December 2016
January 2017-June 2017
July 2017-December 2017
January 2018-June 2018
July 2018-December 2018
January 2019-June 2019
July 2019-December 2019
Age, years, %

18-54

55-64

65-74

>75
Male, %
Region of residence, %
Northeast

North central

South

West

Missing
Smoking, %
Diabetes, %
History of CKD, %
History of heart failure, %
History of ASCVD, %
Myocardial infarction in the past year, %
Ischemic Stroke in the past year, %
History of PAD, %
History of CHD, %
Very high ASCVD risk, %
Depression, %

Statin use®, %

1935 (11.7%)
1614 (9.7%)
1453 (8.8%)
1437 (8.7%)
2034 (12.3%
(14.6%
(16.4%
(

18.0%

)
2415 )
2716 )
2984 )
3627 (21.9%)
5753 (34.7%)
4524 (27.3%)
2684 ( )
9265 ( )

16.2%
55.9%

3272 (19.7%
2887 (17.4%
6687 (40.3%
2460 (14.8%
1282 (7.7%)
3743 (22.6%)
5815 (35.1%)
3181 (19.2%)

)
)
)
)

(
(
(
(
(
(
(
(

2092 (12.6%)
12,859 (77.5%)
2903 (17.5%)
169 (1.0%)
1475 (8.9%)
12,668 (76.4%)
7718 (46.5%)
4928 (29.7%)

15,452 (18.6%)
7276 (8.8%)
8081 (9.7%)
9008 (10.8%)
9975 (12.0%)
10,696 (12.9%)
10,973 (13.2%)
11,625 (14.0%)

25,390 (30.6%)
28,844 (34.7%)
17,667 (21.3%)
11,185 (13.5%)
42,644 (51.3%)

14,970 (18.0%)
15,204 (18.3%)
36,306 (43.7%)
10,242 (12.3%)
6364 (7.7%)
15,341 (18.5%)
27,366 (32.9%)
12,550 (15.1%)
7295 (8.8%)
37,897 (45.6%)
10,643 (12.8%)
795 (1.0%)
4178 (5.0%)
36,899 (44.4%)
24,571 (29.6%)
22,721 (27.3%)
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Table 1 continued

Characteristics PCSK9i mAb (» = 16,588) Ezetimibe (2 = 83,086)
None 6298 (38.0%) 22,443 (27.0%)
Low to moderate intensity statins 4635 (27.9%) 28,474 (34.3%)
High-intensity statins 5655 (34.1%) 32,169 (38.7%)
) (

Adherent to statin therapy®, %

Statin intolerance, %

Non-statin lipid lowering medication use, %
Polypharmacy®, %

Prior visit to a cardiologist, %

5462 (53.1%
1573 (9.5%)
4899 (29.5%)
11,840 (71.4%)
7126 (43.0%)

37,695 (62.6%)
4186 (5.0%)
5671 (6.8%)
47,181 (56.8%)
24,011 (28.9%)

PCSKY9i mAb proprotein convertase subtilisin/kexin type 9 inhibitor monoclonal antibody, ASCVD atherosclerotic car-

diovascular disease, CKD chronic kidney disease, PAD peripheral artery disease, CHD coronary heart disease

*Statin use in the year prior to PCSK9i mAb or ezetimibe initiation. Adherence to statin therapy was estimated among those

taking a statin in the year prior to initiation of a PCSK9i mAb or ezetimibe. Patients having a proportion of days covered
for statins > 80% from the earliest fill within 365 days prior to their index date through their index date were considered to

be adherent

PFilled prescription for > 10 different medications within 365 days prior to the index date

following treatment initiation, 4% and 10% of
those initiating a PCSK9i mAb, respectively, and
4% and 11% of those initiating ezetimibe,
respectively, were on treatment but not persis-
tent (i.e., had a gap of > 60 days without med-
ication available to take but with medication
available in the last 60 days of the follow-up
period). Among patients who were persistent at
182 days, 82%, 5% and 12% of those who ini-
tiated PCSK9i mAb and 75%, 6% and 19% of
those who initiated ezetimibe were on therapy
and persistent, on therapy but not persistent
and not on therapy at 365 days, respectively.
The mean PDC for patients initiating a
PCSK9i mADb and ezetimibe was 0.77 and 0.72 at
182 days, respectively, and 0.71 and 0.63 at
365 days, respectively. At 182 and 365 days fol-
lowing treatment initiation, higher percentages
of patients initiating a PCSK9i mAb versus eze-
timibe were on therapy, persistent and adherent
(Table 2). Among patients who were persistent
at 182 days following treatment initiation,
those who initiated a PCSK9i mAb were more
likely to be on therapy, persistent and adherent
at 365 days following treatment initiation. After
multivariable adjustment, the risk ratio for

being on therapy, persistent and adherent
comparing patients initiating a PCSK9i mAb
versus ezetimibe was 1.15 (95% CI 1.14, 1.16),
1.15 (95% CI 1.14, 1.17) and 1.07 (95% CI 1.05,
1.08) at 182 days, respectively, and 1.20 (95% CI
1.18, 1.21), 1.22 (95% CI 1.20, 1.24) and 1.16
(95% CI 1.14, 1.18) at 365 days, respectively
(Table 3). Among patients who were persistent
for 182 days following treatment initiation,
those who had initiated a PCSK9i mAb were
more likely to be on therapy (risk ratio 1.07;
95% CI 1.06-1.08), persistent (risk ratio 1.07;
95% CI 1.06-1.08) and adherent (risk ratio 1.02;
95% CI 1.01-1.03) at 365 days following treat-
ment initiation. Among patients who were
persistent for 365 days following treatment ini-
tiation, those who had initiated a PCSK9i mAb
were less likely than those who initiated eze-
timibe to be adherent at 365 days following
treatment initiation (risk ratio 0.96; 95% CI
0.95-0.97). Results after excluding patients who
initiated both a PCSK9i mAb and ezetimibe are
provided in Supplementary Materials Tables S3
and S4. The percentage of patients who initiated
a PCSK9i mAb and ezetimibe, separately, that
were on treatment, persistent and adherent are
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PCSK9mAb

100% +
80% 1
60% 1
40% 1
20% 1
0%

At 182 days At 365 days

At 365 days

Among those persistent
at 182 days
u On therapy and persistent = On therapy but not persistent = Not on therapy

Overall

Ezetimibe
100% 1
800/0 i
60% +
40% T
200/0 i
0%
At 182 days At 365 days At 365 days

Among those persistent
at 182 days
= On therapy and persistent = On therapy but not persistent = Not on therapy

Overall

Fig. 2 Percentage of patients taking a PCSK9i mAb (top
panel) and ezetimibe (bottom panel) that were persistent
at 182 and 365 days following treatment initiation.
PCSK9i mAb: proprotein convertase subtilisin/kexin type
9 inhibitor monoclonal antibodies

provided for those with and without very high
ASCVD risk in Supplementary Materials
Table S5, in the Marketscan and Medicare
databases in Supplementary Materials Table S6
and for women and men in Supplementary
Materials Table S7 with multivariable adjusted
risk ratios provided in Supplementary Materials
Tables S8, S9 and S10 by very high ASCVD risk,
database and sex, respectively.

Being on a PCSK9i mAb at 182 and 365 days
following treatment initiation was more com-
mon among men versus women, patients taking
a low or moderate statin versus no statin, with
high statin adherence, taking non-statin lipid-
lowering therapy prior to PCSK9i mAb initia-
tion and with a prior cardiologist visit and was
less common for patients who were 65-74

and > 75 versus 18 to 54 years of age (Supple-
mentary Materials Table S11). Being on eze-
timibe at 182 and 365 days following treatment
initiation was more common for those who
initiated treatment after versus before June
2016, among men, for those with depression,
taking a high-intensity statin, with high statin
adherence and taking non-statin lipid-lowering
therapy prior to ezetimibe initiation while it
was less common among those with statin
intolerance. Factors associated with being per-
sistent and adherent with PCSK9i mAb and
ezetimibe are shown in Supplementary Materi-
als Tables S12 and S13.

DISCUSSION

In the current study, a high percentage of
patients initiating PCSK9i mAb or ezetimibe
were on therapy at 182 and 365 days following
treatment initiation. Additionally, almost all
patients who were on therapy were persistent to
their treatment. A high percentage of patients
who were persistent to a PCSK9i mAb or eze-
timibe for the initial 182 days following initia-
tion were on therapy, persistent and adherent at
365 days following treatment initiation. Fur-
thermore, being on therapy, persistent or
adherent was each more common at 365 days
for patients initiating a PCSK9i mAb compared
with ezetimibe.

Extensive data support the LDL-C lowering
benefit of PCSK9i mAb and ezetimibe. In a
network meta-analysis including 48 random-
ized trials, PCSK9i mAb lowered LDL-C an
average of 57-62% and ezetimibe lowered LDL-
C by 25% [16]. Additionally, a meta-analysis of
12 randomized trials reported a reduction in
major adverse cardiovascular events with
PCSK9i mAb (risk ratio 0.83, 95% CI 0.79-0.87)
and a number needed to treat of 36 [17].
A Cochrane review of 26 randomized trials
found ezetimibe reduced the risk for major
adverse cardiovascular events by 6% (risk ratio
0.94; 95% CI 0.90-0.98) [4]. Taken together,
these data strongly support the benefit for
PCSK9i mAb and ezetimibe for LDL-C lowering
and ASCVD risk reduction.
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Table 2 Percentage of patients who were on therapy, persistent and adherent to a PCSK9i mAb and ezetimibe at 182 and

365 days following treatment initiation

Time period On therapy, Persistent, Adherent, percentage
percentage percentage
182 days following initiation
PCSK9i mAb, » = 16,588 79.5% 75.6% 62.2%
Ezetimibe, » = 83,086 68.4% 64.3% 56.1%
Difference (95% CI) 11.1% (10.4%, 11.3% (10.6%, 6.1% (5.3%, 6.9%)
11.8%) 12.0%)
365 days following initiation
PCSK9i mAb » = 16,588 72.4% 62.1% 56.0%
Ezetimibe, » = 83,086 59.2% 48.8% 45.6%
Difference (95% CI) 13.2% (12.4%, 13.3% (12.5%, 10.4% (9.6%, 11.2%)
14.0%) 14.1%)
365 days following initiation among those persistent
at 182 days
PCSK9i mAb, » = 12,543 87.6% 82.2% 73.8%
Ezetimibe, 7 = 53,456 81.3% 75.8% 70.6%

Difference (95% CI)

63% (5.7%, 6.9%)  64% (5.8%, 7.1%)  3.2% (2.5%, 3.9%)

365 days following initiation among those persistent at 365 days

PCSK9 inhibitor, » = 10,306
Ezetimibe, #» = 40,512
Difference (95% CI)

89.4%
91.9%

— 2.5% (— 3.0%, —
2.0%)

PCSKY9i mAb proprotein convertase subtilisin/kexin type 9 inhibitor monoclonal antibody, ASCVD atherosclerotic car-

diovascular disease monoclonal antibody, SD standard deviation, CI confidence interval

Both PCSK9i mAb and ezetimibe are well
tolerated with few side effects [18]. However,
persistence to these medications was lower in
the current study of real-world data compared
to prior randomized trials [1, 2, 5]. Several
modifiable factors were associated with being
on therapy, persistent and adherent to both
PCSK9i mAb and ezetimibe. Being adherent to
one drug has predicted being persistent and
adherent to subsequently prescribed medica-
tions in prior studies [19, 20]. Similarly, in this
study, being adherent to a statin prior to initi-
ating a PCSK9i mAbD or ezetimibe was associated

with both being persistent and adherent to
PCSK9i mAb and ezetimibe, respectively. Addi-
tionally, taking statins and other non-statin
lipid-lowering medications was associated with
being persistent and adherent to PCSK9i mAb
and ezetimibe. Therefore, patients who are
naive or not adherent to other lipid-lowering
therapy may benefit from guidance to increase
their likelihood of being adherent to PCSK9i
mADb and ezetimibe. Patients who had a visit to
a cardiologist prior to initiating a PCSK9i mAb
or ezetimibe were more likely to be on therapy
and persistent and adherent at 182 days and
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Table 3 Multivariable-adjusted risk ratios for being on therapy, persistent and adherent to a PCSK9i mAb versus ezetimibe

in the 182 days and 365 days following treatment initiation

On therapy
Risk ratio (95% CI)

Adherent
Risk ratio (95% CI)

Persistent
Risk ratio (95% CI)

182 days following initiation
Model 1 1.15 (1.14, 1.16)
Model 2 1.15 (1.14, 1.16)
365 days following initiation
Model 1 1.20 (1.19, 1.21)

Model 2 1.20 (1.18, 1.21)

1.16 (1.14, 1.17) 1.08 (1.06, 1.09)

1.15 (1.14, 1.17) 1.07 (1.05, 1.08)
1.24 (1.22, 1.25)
1.22 (1.20, 1.24)

1.18 (1.16, 1.20)
1.16 (1.14, 1.18)

365 days following initiation among those persistent at 182 days

Model 1 1.07 (1.06, 1.08)

Model 2 1.07 (1.06, 1.08)

1.07 (1.06, 1.08)
1.07 (1.06, 1.08)

1.03 (1.02, 1.04)
1.02 (1.01, 1.03)

365 days following initiation among those persistent at 365 days

Model 1
Model 2

0.97 (0.96, 0.98)
0.96 (0.95, 0.97)

Model 1 includes adjustment for calendar period drug was initiated, age and sex. Model 2 includes adjustment for calendar

period drug was initiated, age, sex, smoking, region of residence, diabetes, history of CKD, heart failure, history of

atherosclerotic cardiovascular disease, depression, statin use, high statin adherence, statin intolerance, non-statin lipid-

lowering medication use, polypharmacy and prior visit to a cardiologist
PCSK9i mAb proprotein convertase subtilisin/kexin type 9 inhibitor monoclonal antibodies, CI confidence interval, CKD

chronic kidney disease

365 days. This finding is consistent with prior
studies showing cardiology visits being associ-
ated with better adherence to statins [21, 22].

Consistent with a prior study, patients with
Medicare health insurance were less likely to be
persistent to PCSK9i mAb compared with their
counterparts with commercial health insurance
at 182 and 365 days following treatment initi-
ation [23]. However, among those persistent at
182 days following treatment initiation, a sim-
ilar percentage of patients with Medicare
insurance and commercial insurance in the
Marketscan database were on therapy, persis-
tent and adherent at 365 days following initia-
tion. Non-clinical factors including pharmacy
type and pharmacy benefit managers may con-
tribute to PCSK9i mAb persistence and adher-
ence among Medicare beneficiaries initiating
treatment.

A few prior studies have reported adherence
to PCSK9i mAb and ezetimibe in real-world
settings. In a study of 13,151 US adults with
health insurance initiating a PCSK9i mAb in
January to June 2016, 57.4% and 48.9% were
persistent and adherent in the 182 days fol-
lowing treatment initiation [23]. In contrast, a
study from Canada reported 92% of patients
(n = 131) were persistent 12 months after initi-
ating a PCSK9i mAb [24]. The high percentage
of patients who were persistent may be related
to pharmacy benefits; only 5% of patients noted
reimbursement as a reason for discontinuation.
Being persistent and adherent is important for
ASCVD risk reduction. Not being adherent can
lead to higher intra-individual fluctuations in
LDL-C, which has been associated with
increased ASCVD risk [25].

Prior studies of prevalent users of PCSK9i
mAb and ezetimibe have found a high
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percentage remain on treatment, persistent and
adherent. For example, over 90% of patients in
the GOULD and HEYMANS studies were per-
sistent to their PCSK9i mAb over > 2 year fol-
low-up [26, 27]. These data suggest the initial
182 days of PCSK9i mAb and ezetimibe treat-
ment may be an important period to implement
interventions to increase long-term persistence
and adherence. In a clinic that used a pharma-
cist and a physician assistant, a specialty phar-
macy and follow-up visits with a physician
assistant, 92.7% of patients initiating a PCSK9i
mAb successfully continued treatment for
1 year [28]. This may be an efficient approach to
increase persistence and adherence to PCSK9i
mAb and ezetimibe.

Being on treatment, persistent and adherent
at 182 and 365 days following treatment initi-
ation was more common among patients initi-
ating PCSK9i mADb versus ezetimibe. Reasons for
these differences may include the less frequent
dosing schedule of PCSK9i mAb versus ezetim-
ibe. A systematic review of real-world data on
adults with osteoporosis taking bisphospho-
nates indicate that weekly versus daily dosing is
associated with a higher likelihood of being
persistent [29]. Additionally, the LDL-C and
ASCVD risk reduction with PCSK9i mAb is
substantially larger than for ezetimibe [30, 31].
Informing patients of the large benefit of
PCSK9i mAb may contribute to increased per-
sistence and adherence [32, 33]. This is partic-
ularly relevant for patients with very high
ASCVD risk, a population that had modestly
lower persistence and adherence in the current
study and that should achieve a large absolute
risk reduction with intensive lipid-lowering
therapy [15].

A major strength of the current study is the
inclusion of a large sample of US adults who
initiated a PCSK9i mAb or ezetimibe. Additional
strengths include the availability of data for
individuals with commercial and government
health insurance and longitudinal data that
allowed for the definition of patient character-
istics prior to the initiation of PCSK9i mAb or
ezetimibe and for follow-up to assess on ther-
apy, persistence and adherence. Despite these
strengths, the results of the current study
should be interpreted in the context of its

potential and known limitations. Being on
therapy, persistent and adherent was deter-
mined only by filled prescriptions. We were
unable to confirm whether patients took their
medication or if medication was prescribed but
not filled. Prior studies have documented chal-
lenges that patients have in receiving approval
from their insurance company to fill a PCSK9i
mAb and high co-payments. We do not know if
these challenges were present in the current
study and, if present, whether they contributed
to the lack of persistence or adherence in some
patients. LDL-C levels and physician notes were
not available. Some patients may have stopped
their PCSK9i mAb or ezetimibe treatment based
on their LDL-C level and physician’s advice. We
do not know if patients were counseled on the
importance of medication persistence and
adherence, which could be used to facilitate
persistence and adherence. Data were not
available for US adults without health insurance
or for populations outside of the US. Finally,
being on therapy, persistent and adherent was
only available for 1 year following treatment
initiation. While there was only a small decline
from 182 to 365 days following treatment ini-
tiation, being on therapy, persistent and
adherent was not assessed over a longer time
horizon.

CONCLUSIONS

The majority of patients initiating PCSK9i mAb
were on therapy at 182 and 365 days following
treatment initiation with only a small decline in
the percentage of patients taking PCSK9i mAb
from 182 to 365 days following treatment ini-
tiation. Additionally, a higher percentage of
patients initiating PCSK9i mADb versus ezetimibe
were on therapy, persistent and adherent at 182
and 365 days following treatment initiation.
These data suggest approaches to increase per-
sistence and adherence to PCSK9i mAb and
ezetimibe should be implemented prior to or
within 182 days following treatment initiation.
Interventions may include informing patients
of the ASCVD risk reduction benefits of PCSK9i
mAD and team-based care including a physician
assistant, nurse practitioner or pharmacist
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conducting follow-up visits to promote being
on therapy, persistent and adherent.
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