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ABSTRACT

Introduction: A high proportion of Canadian
patients with acute myocardial infarction (AMI)
do not achieve the threshold low-density
lipoprotein cholesterol (LDL-C) levels recom-
mended by the Canadian Cardiovascular Soci-
ety in 2021. This increases the risk of
subsequent atherosclerotic cardiovascular dis-
ease (ASCVD) events. Here, we assess LDL-C
levels and threshold achievement among
patients by lipid-lowering therapies (LLT)
received post-AMI.

Methods: A retrospective cohort study of
patients identified with AMI between 2015 and
2019 was conducted wusing administrative
health databases in Alberta, Canada. Patients
were grouped by their highest-intensity LLT
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post-AMI  (proprotein convertase subtilisin/
kexin type 9 inhibitors (PCSK9i) + another LLT;
PCSK9i alone; ezetimibe + statin; statins (high,
moderate, low intensity); or ezetimibe alone),
and available LDL-C levels were examined in
the year before and after LLT dispense date.
Results: The cohort included 15,283 patients.
In patients on PCSK9i + LLT, the median [95%
confidence interval (CI)] LDL-C levels decreased
from 2.7 (2.3-3.4) before to 0.9 (0.5-1.2) mmol/
| after treatment, the largest decrease among
treatment groups. In the ezetimibe + statin and
high-intensity statin groups, median (95% CI)
values after treatment were 1.5 (1.5-1.6) and 1.4
(1.4-1.4) mmol/l, respectively. The proportion
of patients below the 1.8 mmol/l threshold
increased by 77.7% in the PSCK9i + LLT group
after treatment, compared to 45.4 and 32.4% in
the ezetimibe + statin and high-intensity statin
groups, respectively.

Conclusions: Intensification with PCSK9i in
AMI patients results in a greater proportion of
patients achieving below the recommended
LDL-C threshold versus statins and or ezetimibe
alone. Increased focus on achieving below the
LDL-C thresholds with additional LLT as
required may benefit patient cardiovascular
outcomes.

Keywords: Proprotein convertase subtilisin/
kexin type 9 inhibitors; Lipid-lowering
therapy; Acute myocardial infarction; Low-
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Key Summary Points

Why carry out this study?

cholesterol;

A high proportion of Canadian patients
with myocardial infarction (MI) fail to
achieve the threshold low-density
lipoprotein cholesterol (LDL-C) levels
recommended by the Canadian
Cardiovascular Society guidelines in 2021,
which can result in increased risk of
subsequent atherosclerotic cardiovascular
disease (ASCVD) events.

Intensification of lipid-lowering therapies
(LLT) with proprotein convertase
subtilisin/kexin type 9 inhibitors (PCSK9i)
have shown a large benefit in lowering
LDL-C levels in patients with recent MI.

A real-world study on LDL-C levels and
guideline threshold achievement in
relation to LLT has not been conducted
exclusively in post-acute myocardial
infarction (AMI) patients, who are known
to have greater risk of subsequent ASCVD
events.

What was learned from this study?

Results from this study found that the
time to treatment was much longer for
patients receiving PCSK9i and there was a
higher number of ASCVD events between
their AMI and the start of their PCSK9i
treatment.

PCSK9i treatment in combination with
other LLT provides the greatest reductions
in LDL-C and guideline threshold
achievement, thereby reinforcing the
effectiveness of intensifying LLT in
patients at high cardiovascular risk, as put
forth by international guidelines.

INTRODUCTION

Acute myocardial infarction (AMI) has a high
burden in Canada, evidenced by higher rates for
subsequent major adverse cardiovascular events
in AMI patients relative to atherosclerotic car-
diovascular disease (ASCVD) patients in gen-
eral[1]. Despite this, a high proportion of
patients with myocardial infarction (MI) may
not receive lipid-lowering therapy (LLT) inten-
sification post-MI and may not reach threshold
low-density lipoprotein cholesterol (LDL-C)
levels, [2] leaving patients at risk for subsequent
ASCVD events and cardiovascular (CV) mortal-
ity [3, 4].

LDL-C reduction is generally recommended
as a target for primary and secondary ASCVD
prevention. The American Heart Association
(AHA) recommends patients with very high risk
ASCVD achieve below the LDL-C threshold of
1.8 mmol/l [5]. A recent consensus statement
from the American College of Cardiology has
recognized the clinical benefit of non-statin
therapies in very high risk ASCVD patients to
substantially lower LDL-C and CV outcomes in
patients on statins, and therefore recommends a
threshold below 1.4 mmol/l for considering
therapeutic intensification [6]. The European
Society  of  Cardiology  (ESC)/European
Atherosclerosis Society (EAS) recommend the
more aggressive LDL-C goal of < 1.4 mmol/l for
very high risk ASCVD patients,
and < 1.0 mmol/l for patients with very high
CV risk and a recurrent acute coronary syn-
drome (ACS) event within the preceding 2 years
[7]. The strong emphasis on reducing LDL-C
levels is to decrease the risk of future CV events,
such as AMI and CV death. In 2021, the Cana-
dian Cardiovascular Society Dyslipidemia
guidelines were updated to lower the recom-
mended LDL-C threshold for ASCVD patients to
1.8 mmol/l [3]. These guidelines state that in
patients treated with maximally tolerated sta-
tins who remain above this threshold, intensi-
fication with ezetimibe and/or proprotein
convertase subtilisin/kexin type 9 inhibitor
(PCSK9i) is required. Further, in those with LDL-
C above 2.2 mmol/], it might be preferable to
consider a PCSK9i as second-line therapy
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Table 1 Patient characteristics at AMI date

Characteristics Overall AMI
population
n = 15,283
Age in years, mean (SD) 65.1 (12.1)
Male, » (%) 11,099 (72.6)
Urban geographic zone, 7 (%) 9611 (62.9)
Diabetes, 7 (%) 5325 (34.8)

Modified Charlson Comorbidity Index Score

Mean (SD) 0.7 (1.1)
0, 7 (%) 9052 (59.2)
> 1, 7 (%) 6231 (40.8)

Previous ASCVD event (in 1 year pre- 7820 (51.2)
AMI), 7z (%)

# of previous ASCVD events, median 1.0 (0.0-2.0)
(Q1-Q3)

Severe hypercholesterolemia (LDL-C 824 (5.4)
test result > 5.0 mmol/l), 7 (%)
Closest levels pre-AMI date®
LDL-C" n = 14447
Mean (SD) 2.6 (1.1)
> 2.6 mmol/l, n (%) 7133 (46.7)
> 1.8 mmol/L, 7 (%) 10,985 (71.9)
Non-HDL-C, mean (SD) 34 (12)
Triglycerides, mean (SD) 1.7 (0.8)
Number of LDL-C tests post-AMI, 3.0 (2.0-5.0)

median (Q1-Q3)

AMI acute myocardial infarction, Eze ezetimibe, LLT
lipid-lowering therapy, PCSK9: proprotein convertase
subtilisin/kexin type 9 inhibitor, Q quartile, SD: standard
deviation

*Values for the closest LDL-C, non-HDL-C, and triglyc-
eride test on/before the AMI date were used to determine
trends

®There were 7 = 836 patients with no LDL-C tests found
prior to the AMI date

Note: Counts less than 5 have been suppressed in accor-
dance with Alberta Health’s privacy policies

because treatment with ezetimibe alone would
not be sufficient to achieve thresholds [3].

Patients with recent MI are shown to derive a
large benefit from intensification of statin
therapy with the additional use of a PCSK9i [3].
The PCSK9i monoclonal antibodies evolocumab
and alirocumab were approved in Canada in
2015, and are currently indicated as adjuncts to
diet and standard-of-care therapy to reduce the
risk of CV events in adult patients with ASCVD
by further lowering LDL-C levels. Recent real-
world studies have demonstrated that PCSK9i
can safely and effectively lower LDL-C levels in
Canadians with atherosclerotic disease, consis-
tent with larger clinical trials [8-10]. To our
knowledge, a real-world study exclusively in
post-AMI patients known to have greater risk of
subsequent ASCVD events has not been
conducted.

The purpose of this study was to assess LDL-C
levels and guideline threshold achievement
among patients with AMI receiving LLT, based
on the highest intensity LLT prescription dis-
pense(s) received post-AMI. Additionally, we
explored the change in LDL-C before and after
LLT among a subset of patients with before and
after LDL-C measures available.

METHODS

Study Design and Data Sources

A retrospective cohort study was conducted in
Alberta, Canada, using population-level, pro-
vince-wide administrative health data (see
Supplementary Material Table 1 for data sour-
ces). The study complies with the Declaration of
Helsinki and was approved by the Health
Research Ethics Board of Alberta—Community
Health Committee (HREBA-CHC).

Study Cohort

The cohort consisted of patients (> 18 years of
age) with AMI during the case ascertainment
period (April 1, 2015 to March 31, 2019). AMI
was defined as the first inpatient hospitalization
with the codes 121 or 122 from the International
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Statistical Classification of Diseases and Related
Health Problems, 10th Revision, Canada [11].
Further for cohort inclusion, patients must have
had at least one LLT prescription post-AMI
between April 1, 2015 and March 31, 2020 and
one LDL-C test (with triglycerides < 4.5 mmol/
1) within 365 days before or after patients star-
ted their highest intensity LLT post-AMI.
Included patients resided in Alberta, Canada, on
their AMI date and the start of their highest
intensity LLT. Based on the Friedewald formula
[12], patients were excluded if they only had
LDL-C tests with triglycerides > 4.5 mmol/],
which is inaccurate in patients with high levels
of triglycerides. Patients with a PCSK9i pre-
scription dispense before their AMI date were
also excluded. The end of follow-up was the
earliest of: [1] death, [2] leaving the province
after the AMI date (deregistered from the Pop-
ulation Registry), or [3] the end of the study
period (March 31, 2020).

Study Treatment Categorization

The LLT prescription dispenses post-AMI that
were extracted included statins, ezetimibe, and
PCSK9i (see Supplementary Material Table 2 for
included Anatomical Therapeutic Chemical
(ATC) codes). Statin intensities were categorized
as low, moderate, or high based on AHA
guidelines.[5] Treatment intensification was
assessed using the Canadian Dyslipidemia
Guidelines  algorithm,[3] where ezetim-
ibe +£ PCSK9i are recommended add-ons to
statin treatment where intensification is
required. Treatment groups were categorized
using the following hierarchy of mutually
exclusive LLT intensification, ranked from
highest to lowest based on intensity and degree
of LDL-C lowering: (1) PCSK9i in combination
with either statins, ezetimibe, or both; (2)
PCSKO9i alone; (3) ezetimibe + statin; (4) statin
alone (high-, moderate-, or low-intensity); (5)
ezetimibe alone. Combination regimens
required a 90-day overlap for inclusion into
those groups. Analyses were centered around
the highest intensity LLT dispense date (referred
to as the 'LLT dispense date’ hereon). For single
regimens, this was when a patient started their

treatment supply. For combination regimens,
this was when a patient had all therapies of the
regimen available.

Study Variables

Patient demographic characteristics captured at
the AMI date and LLT dispense date included:
age, sex, and Alberta Health Services geographic
zone, categorized as urban (cities of Calgary and
Edmonton) and rural (South, Center, and North
zones).

Clinical characteristics of interest included:
modified Charlson Comorbidity Index (CCI)
score (using hospitalizations within 1 year,
including diabetes as a comorbidity), [13-16]
previous ASCVD event (see Supplementary
Material Table 3 for included diagnostic codes),
[11] number of previous ASCVD events (> 30-
day gap between same events) in the 1 year pre-
AMI and LLT dispense date (excluding AMI
index event), severe hypercholesterolemia
(LDL-C test result > 5.0 mmol/l), closest labo-
ratory values within 1 year of pre-AMI date and
LLT dispense date (LDL-C, non-high-density
lipoprotein cholesterol [non-HDL-C], triglyc-
erides), and number of LDL-C tests post-AMI
date over the follow-up period. Further, at the
LLT dispense date, type of prescribing practi-
tioner, and time (days) from AMI to LLT pre-
scription dispense were extracted.

Post-AMI LDL-C test results in 3-month
intervals were extracted within 12 months
before and after the LLT dispense date (specified
in Error! Reference source not found.). If there
was mote than one test within a 3-month
interval, the highest LDL-C test result was used.
The overall number of post-AMI LDL-C tests
pre- and post-LLT dispense date were described,
in addition to the sample size at each LDL-C
timepoint. An additional analysis was con-
ducted among a subset of patients with both a
before and after LLT dispense date LDL-C test
available.

Statistical Methods

All data analyses were descriptive in nature.
Patient characteristics and LDL-C levels were
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analyzed using descriptive statistics for contin-
uous and categorical variables [e.g., mean (s-
tandard deviation (SD)), median (interquartile
range (Q1-Q3) or 95% confidence interval (CI)),
etc.]. LDL-C levels before and after the LLT dis-
pense date were described as the median of the
entire year. The proportion of patients achiev-
ing LDL-C guideline thresholds among patients
with available LDL-C tests in the 1 year before
and after the LLT dispense date were examined
using < 1.8 mmol/l, [3, 5] < 1.4 mmol/l,
and < 1.0 mmol/l thresholds [7]. Among
patients with a before and after LLT dispense
LDL-C test available, the median (95% CI) per-
cent change for patients in each LLT regimen
was derived using the average of 3-month
maxima LDL-C tests available in the six months
before and after the LLT dispense date.

RESULTS

Study Cohort and Patient Characteristics

Overall, 15,283 patients were included in the
cohort (Error! Reference source not found.
shows the study flow chart). There were 6674
(24.7%) patients excluded for not having an
eligible LDL-C test within 365 days of their LLT
dispense date. At AMI date (Table 1), the mean
(SD) age was 65.1 (12.1) years, patients were
predominantly male (72.6%), and most lived in
urban areas (62.9%). In the one-year prior to
AMI events, 51.2% of patients had an ASCVD
event and the median (Q1-Q3) number of prior
ASCVD events was 1.0 (0.0-2.0). The closest
LDL-C test result obtained pre-AMI showed the
mean (SD) LDL-C was 2.6 (1.1) mmol/l and
most patients (71.9%) had an LDL-C test result
above the > 1.8 mmol/l threshold. Of note, 836
(5.5%) patients had no LDL-C test identified in
the year preceding their AMI date.

At LLT dispense date, most patients in each
treatment group were male (> 56.6% per treat-
ment group) and patients on PCSK9i in combi-
nation had the lowest mean (SD) age of 53.7
(12.8) years, while the highest of 74.5 (10.0)
years was observed in the low-intensity statin
group (see Supplementary Material Table 4 for
patient characteristics at LLT dispense date).

Overall, 96 patients were classified into the
PCSK9i treatment groups, of which approxi-
mately 75% of patients were prescribed evolo-
cumab (data not shown).

Median (Q1-Q3) LDL-C levels pre-LLT dis-
pense date were 3.0 (2.2-4.2) mmol/l in PCSK9i
alone patients and 3.1 (2.3-3.6) mmol/l in
PCKS9i combination patients, which was
greater than high-intensity statin patients [2.5
(1.8-3.3) mmol/l] and other statin groups
(Error! Reference source not found.). Most
patients on PCSK9i received their prescription
dispense from a specialist practitioner. The
median (Q1-Q3) time in days between AMI date
and dispense date was 387.5 (179.0-710.0) for
PSCK9i alone and 324.0 (127.0-454.0) for
PCSK9i in combination, in contrast to 121.0
(26.0-458.0) for ezetimibe + statin and 0.0
(0.0-7.0) for high-intensity statin groups
(Fig. 1). In addition, the median (Q1-Q3)
ASCVD events occurring in the year preceding
LLT dispense date was 4.0 (2.0-6.0) for the
PSCK9i combination group and 3.5 (2.0-6.0) for
the PSCKO9i alone group, which were markedly
higher than the next hierarchical treatment
group (eze + statin) of 2.0 (1.0-4.0). Post-AMI,
86.2% (n=25/29) of PCSK9i combination
patients and 78.5% (n = 51/65) of PCSK9i alone
patients had LDL-C tests (Fig. 2), which was
higher than other treatment groups, particu-
larly the high-intensity statin group (15.2%;
n=1899/12,523). Generally, the number of
LDL-C tests tended to be lower than the number
of patients in each group in the year preceding
the LLT dispense date (see Supplementary
Material Table 5 for pre-LLT LDL-C levels and
Supplementary Material Table 6 for post-LLT
LDL-C levels across treatment groups).

LDL-C Levels and Guideline Threshold
Achievement

The net reduction in LDL-C in the year follow-
ing LLT treatment was larger for PCSK9i regi-
mens, specifically the PCSK9i combination
group, than in other LLT categories (Fig. 2). The
PCSK9i combination regimen demonstrated the
greatest post-treatment LDL-C reduction to a
median (95% CI) of 0.9 (0.5-1.2) from 2.7

I\ Adis



Cardiol Ther

Median (Q1-Q3)

Number of ASCVD
events in1 year
priorto AMI

Highest LLT Categorizations

priorto highest

PCSKQi + any LLT combination® 1.0 (1.0-2.0) 4.0(2.0-6.0)
PCSKJ9i alone 1.0(1.0-2.0) 3.5(2.0-6.0)
Ezetimibe (+ statin) 1.0(1.0-2.0) 2.0(1.0-4.0)
High-intensity statin alone 1.0(0.0-2.0) 0.0(0.0-2.0)
Moderate-intensity statin alone 1.0(0.0-2.0) 1.0(0.0-3.0)
Low-intensity statin alone 2.0(1.0-3.0) 2.0(0.0-4.0)
Ezetimibe alone 2.0(1.0-3.0) 1.5(0.0-3.0)

Fig. 1 Time to LLT dispense date from AMI date and the
number of ASCVD events. AMI acute myocardial infarc-
tion, ASCVD atherosclerotic cardiovascular disease, Eze
ezetimibe, LLT lipid-lowering therapy, PCSK9; proprotein
convertase subtilisin/kexin type 9 inhibitor, Q quartile.
a The number of ASCVD events excludes the AMI index
event, but could include pre-AMI events for those who

PCSK9i + LLT PCSK9i Eze + Statin High*
36

34

3.2

3.0

28

26

24 l
22 o=
2.0

o—

387.5(179.0-710.0) PCSK9i

12.0(0.0-62.0)

Number of ASCVD | Time between AMI
eventsin1year | indexdateand the

highestintensity

LLTdate | LLTdate(days)

Legend Days from Index AMI to Highest

| | Intensity LLT
Min Q1 Median Q3 Max

324.0(127.0-454.0) PCSK9i+LLT || |

]

—

121.0(26.0-458.0) Eze +Statin |- [ _

0.0 (0.0-7.0) High* H

Moderate* W

135(0.0-92.0)  Low* |

18.0(0.0-65.0) Eze -

0 200 400 600 800 1000 1200 1400
———

received their highest-LLT within 1 year of AMI. ASCVD
events of the same condition occurring within 30 days of
cach other were captured as the same event; but events of
different conditions were considered separate events,
regardless of the time between events. b Includes statin,
ezetimibe, and ezetimibe plus statins

Moderate* Low* Eze

- Legend

Upper 95% CI
= for Median

Median

Lower 95% CI
L " for Median

1.8
1.6
1.4

kA

LDL-C mmol/L (95% Cl)
ol

1.2

10 I

——

0.8
0.6
0.4
0.2

Before After Before After Before After
N Patients= 25 28 51 54 710 917

*Indicates statin intensity

Fig. 2 Median (95% CI) LDL-Ca in the year before and
after LLT across treatment categories. CI confidence
interval, Eze ezetimibe, LDL-C low-density lipoprotein
cholesterol, LLT lipid-lowering therapy, PCSK9: propro-

tein convertase subtilisin/kexin type 9 inhibitor. a The

(2.3-3.4) mmol/l. PCSK9i alone reduced LDL-C
levels from 3.0 (2.5-3.2) to 1.4 (1.0-1.7) mmol/l.

Before  After
1,899 11,719

Before After Before After Before After
391 1,230 21 72 19 61

LDL-C values are an overall average of the combined
highest test result available for each 3-month window pre-
and post-LLT dispense date per patient. b Any LLT
combination includes statin, ezetimibe, and ezetimibe plus
statins

In contrast, ezetimibe + statin and high-inten-
sity statin resulted in LDL-C levels of 1.5
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Proportion of Patients with LDL-C < 1.8mmol/L

90% +TT7%

80% +324%

70% +49.0% +454%

P +19.2%

50%
40%

1A 9%
30%
20%
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0%

PCSK9i + su PCSKi Alone Eze um\b Hgnn sity Low Inten: \y Ezetimibe Alon
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Proportion of patients acheiving below the threshold >

mBefore mAfter

()

60% +571%

a

0%

&

0%
+23.5%

@

0%

N

0% 125/

0%

Proportion of patients acheiving below the threshold

0%
PCSK9i + Statin  PCSKi Alon: Ez mnb
and/or Ezetimibe

Fig. 3 Proportion (%) of patients with LDL-C below
three thresholds ((a) 1.8 mmol//l (b) 1.4 mmol/l and
(c) 1.0 mmol/l) before and after LLT treatment. LDL-C
low-density lipoprotein cholesterol, LLT lipid-lowering
therapy, PCSKY9; proprotein convertase subtilisin/kexin

(1.5-1.6) from 2.3 (2.2-2.3) and 1.4 (1.4-1.4)
from 1.9 (1.9-2.0) mmol/l, respectively. The
PCSK9i combination regimen also had the
greatest improvement in the proportion of
patients achieving all three guideline-recom-
mended LDL-C thresholds, in the year follow-
ing LLT dispense date with 85.7, 75.0, and
57.1% of patients achieving < 1.8, < 1.4,
and < 1.0 mmol/l  thresholds, respectively
(Fig. 3). In contrast, the high-intensity statins
alone resulted in 77.4, 52.2, and 21.1% of
patients achieving < 1.8, < 1.4,
and < 1.0 mmol/I thresholds, respectively.
With respect to other lipoprotein lab tests of
interest, the median non-HDL-C levels post-LLT
dispense date were also lowest in the PCSK9i
treatment groups. While triglycerides had min-
imal change post-LLT dispense date across most
treatment groups, the largest decrease was
observed in the PCSK9i combination group (see

Hgmn siy
Stal

Proportion of Patients with LDL-C < 1.4mmol/L
80% +75.0%

+24.9%
o +34.4%
0 +28.6%
o +10.1%
ss/
% -10.9%
. ||
Inten: ty

PCSK9i + S\ tin - PCSKSi Alone Ez trmb thl \ sity Mod Ezetimibe Alone
and/or Ezetimibe Alone  Intens ‘ysu SHAI

N e r s N
g g8 &8 8 8 g

Proportion of patients acheiving below the threshold (O
3

mBefore mAfter

Proportion of Patients with LDL-C < 1.0mmol/L

| -

Low Intensity  Ezetimibe Alone
Int K ly Sta! Statin Alone

re mAfter

type 9 inhibitor. Note: the values above the bar charts
indicate the difference in the proportion of patients below
the threshold before versus after the LLT dispense date
(difference = after—before)

Supplementary Material Table 7 for lab tests pre-
and post-LLT dispense date).

The analysis of patients with before and after
LDL-C tests available showed similar trends to
the primary analysis, with the largest median
(95% CI) percent decrease in LDL-C levels of
66.5% (55.8-91.1) for the PCSK9i combination
regimen and 52.5% (29.7-69.3) for the PCSK9i
alone group (Fig. 4). In contrast, the median
(95% CI) percent decrease was 28.4%
(25.4-31.0) in the ezetimibe + statin group and
27.8% (24.2-31.0) in the high-intensity statin

group.

DISCUSSION

The greatest reduction in median LDL-C levels
was seen in PCSK9i-treated AMI patients com-
pared to those treated with less intense thera-
peutic regimens. However, the time to
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PCSK9i + LLTb PCSKSi
60

50
40
30
20
10

Eze + Statin High*

Moderate* Low* Eze

0
-10
-20
-30 e
-40
-50

-60 T

-70
-80 {
-90

Percent Change (95% Cl)

N Patients = 21 35 378 843

* Indicates statin intensity

Fig. 4 Median (95% CI) percent change in LDL-C in the
6 months before and after LLT by treatment category
among patients with a before and after LDL-C test
available. CI confidence interval, Eze ezetimibe, LDL-C
low-density lipoprotein cholesterol, LLT lipid-lowering
therapy, PCSK9i proprotein convertase subtilisin/kexin

treatment was much longer and these patients
had a higher number of ASCVD events between
their AMI and the start of their PCSK9i
treatment.

A longer time to PCSK9i dispense date is
expected given the typical course of therapeutic
action for post-MI patients whereby high-(or
moderate-) intensity statins are given in hospi-
tal prior to discharge and, at subsequent follow-
ups, LDL-C is measured and treatments are
intensified to ezetimibe and/or PCSK9i as
required [3, 17]. However, due to the increased
risk of recurrent events in the first year post-
AMI, guidelines strongly recommend intensifi-
cation as early as possible [7]. Indeed, in
patients with ACS whose LDL-C levels are not at
threshold and have been treated with maxi-
mally tolerated statins and ezetimibe, ESC/EAS
guidelines recommend intensification to
PCSK9i in hospital if possible [7]. Some payer
requirements (e.g., ezetimibe trial before

—
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type 9 inhibitor. a The LDL-C values used are an overall
average of the combined highest values of tests available
obtained for each 3-month window pre- and post-LLT
dispense date per patient. b Includes statin, ezetimibe, and
ezetimibe plus statins

prescription; LDL-C tests) may also contribute
to the time delay between the AMI event and
PCSK9i initiation [18-20]. The high number of
ASCVD events observed before starting PCKS9i
could reflect the study design, whereby pre-AMI
events may be included if the LLT was initiated
within 1 year of the AMI and events following
LLT dispense were not captured. However,
given the median (Q1-Q3) time to initiate a
PCSK9i in this study was 324.0 (127.0-454.0)
days in combination and 387.5 (179.0-710.0)
alone, it is also possible that these high-risk
patients suffered additional ASCVD events
while remaining above the LDL-C thresholds
and awaiting appropriate LLT intensification.
Our finding is consistent with a study in the
United States that demonstrated an increasing
cumulative incidence of CV events between
AMI and PCSK9i initiation, where 8.0, 10.5, and
12.5% of patients had an ASCVD event at 90,
180, and 365 days post-AMI hospitalization
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discharge, respectively, before initiating a
PCSK9i [21]. Together, these results emphasize
the importance of earlier intervention with
aggressive LDL-C management to prevent fur-
ther adverse cardiac events, as recommended by
the current international guidelines [3, 5-7].

In our study, patients treated with PCSK9i
post-AMI demonstrated the greatest decrease in
LDL-C levels, and, consistent with other studies,
the ability to reach lower LDL-C levels was
greater when PCSK9i was used in combination
[20]. Patients treated with PCSK9i in combina-
tion had the highest proportion of patients
achieving all guideline-recommended thresh-
olds, versus patients treated with statin and/or
ezetimibe. In a sub-analysis of recent MI
patients from the ‘further cardiovascular out-
comes research with PCSK9 inhibition in sub-
jects with elevated risk (FOURIER)’ study, 92%
of patients treated with evolocumab in combi-
nation with moderate to high intensity statins
were able to achieve LDL-C levels below the
1.8 mmol/l threshold versus 18% of patients
treated with moderate-to-high intensity statins
alone [22]. Our results confirm that the majority
of patients with intensification to PCSK9is in
the real world, outside of a well-controlled
clinical trial, may also be able to achieve below
LDL-C thresholds. Notably, more than half of
PCKS9i combination and one-third of PSCK9i
alone patients achieved the < 1.0 mmol/l
threshold, which is more than 50% higher than
seen in other treatment groups. Although this
analysis focused on LDL-C and does not report
CV outcomes, the causal relationship between
reductions in LDL-C and CV event rates is well
established. Data from the Cholesterol Treat-
ment Trialists’ Collaboration meta-analysis,
assessing participant-level data from 26 ran-
domized control trials, demonstrated that for
every 1.0 mmol/l reduction in LDL-C, there is a
corresponding 21% reduction in major coro-
nary events and 10% reduction in mortality
[23]. A lower achieved LDL-C has been signifi-
cantly associated with a lower CV event rate,
[23, 24] and the LLTs assessed in this analysis
have all demonstrated significant reductions in
CV events in large, randomized, placebo-con-
trolled trials [9, 23, 25-27].

This study also observed key trends in rela-
tion to the real-world use of LDL-C testing. Over
5% of patients did not have an LDL-C test in the
year preceding their AMI date. Further,
approximately 25% of patients were excluded
from the study cohort due to a lack of LDL-C
testing available within 1 year of their LLT
intensification. Post-AMI, most individuals on
statins were found to initiate statin treatment
without having an LDL-C test following their
AMI (possibly due to initiation of statins
occurring on or shortly after AMI), while most
PCSK9i patients had an LDL-C test before
treatment initiation. More frequent monitoring
of PSCKO9i patients before treatment could be to
ascertain if PCKS9i intensification is required, or
due to payer requirements for PCSK9i initiation.
Given the time to initiation of PCKS9i observed
in our study, earlier intensification to PCKS9i
could result in earlier demonstrated reductions
of LDL-C and CV events in high-risk patients.

The current study provides a large popula-
tion-based sample of contemporary real-world
Canadian data. The opportunity to link multi-
ple administrative health databases in Alberta
increased the validity and generalizability of the
study. Moreover, we were able to identify a
high-risk subgroup of patients with AMI, as per
recent Canadian guidelines, and assess the
impact of various LLTs on this population. To
our knowledge, this is the first analysis of this
type to be done.

There were several methodological limita-
tions. LDL-C testing was reliant on usual care
and as a result was often not reported before
and after LLT initiation for all patients. Further,
timing for the LDL-C testing varied and may
not be reflective of the true LDL-C levels
immediately before initiating the LLT (based on
our hierarchical classification). Although ApoB
and Lp(a) are now recognized in the new
guidelines as important lipoprotein markers of
CV risk, [3] at the time of this analysis there was
limited data available, therefore, were not
included in these analyses. Lastly, the PCSK9i
monoclonal antibodies evolocumab and alir-
ocumab were first available in 2015 for use in
Canada with CV outcomes trials published in
2017/18, [9, 27] and while uptake has steadily
increased with improved access since that time,

I\ Adis



Cardiol Ther

the inclusion/exclusion criteria and the time-
frame of our study likely limited the sample size
for this treatment category.

Future research in this area may be required;
in particular, the economic burden of the lag
time between ASCVD events and PCSK9i treat-
ment initiation (and potential for subsequent
CV events) is required to better quantify the
benefit of PCSK9i treatment.

CONCLUSIONS

Canadian and international guidelines recom-
mend the intensification of statin treatment
with ezetimibe and/or PCKS9i in patients who
are unable to achieve LDL-C thresholds with
statins alone, particularly in high-risk patients.
This study provides further support that in a
real-world Canadian population of very high-
risk AMI patients, PCSK9i treatment in combi-
nation with other LLT provides the greatest
reductions in LDL-C and guideline threshold
achievement.
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