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Purpose: Our objective was to describe the demographic and clinical characteristics of

real-world patients in the US with elevated low-density lipoprotein cholesterol (LDL-C)

whose lipid-lowering therapy (LLT) ─ both proprotein convertase subtilisin/kexin type 9

(PCSK9) inhibitor and non-PCSK9 inhibitor ─ was actively modified.

Methods: This retrospective cohort study used linked laboratory (Prognos), pharmacy (IMS

Formulary Impact Analyzer), and medical claims (IQVIA Dx/LRx or PharMetrics Plus) data.

PCSK9 inhibitor–prescribed patients with LDL-C ≥70 mg/dL (multiply by 0.02586 for

mmol/L) at the time of prescription were matched by LDL-C test date to patients whose

non-PCSK9 inhibitor therapy was modified by intensifying statin therapy, switching statins

without intensification, or augmenting with ezetimibe (N=12,345 in each cohort). Baseline

demographics, use of LLT, LDL-C values, atherosclerotic cardiovascular disease (ASCVD)

diagnoses and cardiovascular comorbidities, and occurrence of major adverse cardiovascular

events (MACE) were assessed during the 2-year pre-index period.

Results: Mean age was 66.2 years in the PCSK9 inhibitor cohort and 64.1 years in the

cohort whose LLT regimen was otherwise modified. Respectively, mean baseline LDL-C

values were 150 and 121 mg/dL; 60.3% and 39.0% of patients had ASCVD diagnoses, and

9.6% and 5.1% had experienced a recent MACE. Prevalence of ASCVD diagnoses in the

PCSK9 inhibitor and modified non-PCSK9 inhibitor cohorts, respectively, was 15.5% vs

9.1% for acute coronary syndrome, 20.7% vs 8.7% for coronary revascularization, and

22.2% vs 5.1% for possible familial hypercholesterolemia. In addition, 19.8% of patients

in the PCSK9 inhibitor cohort were receiving both statins and ezetimibe vs 5.0% in the

modified LLT cohort.

Conclusion: Physicians are prescribing PCSK9 inhibitor therapy to patients with markedly

elevated LDL-C levels who also have comorbid risk factors for adverse cardiovascular

events. These results may be of interest to payers and policymakers involved in devising

access strategies for PCSK9 inhibitors.

Keywords: cardiovascular risk, lipid-lowering therapy, low-density lipoprotein, PCSK9

inhibitor, real-world treatment patterns

Introduction
In early 2018, it was estimated that in that year approximately 720,000 Americans

would be hospitalized with a first myocardial infarction (MI) or would die because

of coronary heart disease, and approximately 335,000 survivors would have a
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recurrent event.1 Similarly, an estimated 795,000 people

experience a new (610,000) or recurrent (185,000) stroke

annually; 87% of these events are ischemic in origin.1

Coronary heart disease is responsible for 43.8% of cardi-

ovascular (CV)-related deaths in the US, followed by

stroke (16.8%) and other cardiovascular diseases (CVDs;

17.9%).1 In 2016, approximately 544,800 people died of

ischemic heart disease and 113,000 died of stroke.2 These

premature deaths were associated with 7,605,300 and

1,139,800 years of life lost, respectively. In addition, the

economic burden of CVD is substantial and increasing.

The combined direct and indirect cost burden of CVD in

2016 was $555 billion (direct medical expenses, $318

billion; indirect costs, $237 billion).3 By 2035, 45.1% of

adults in the US are projected to have some form of CVD,

and this burden is expected to cost $1.1 trillion (direct,

$749 billion; indirect, $368 billion).

Low-density lipoprotein cholesterol (LDL-C) plays a

central role in the pathogenesis of atherosclerotic cardio-

vascular disease (ASCVD), and this relationship is both

dose- and time-dependent.4,5 Although statins remain the

cornerstone of lipid-lowering therapy (LLT), most patients

with ASCVD do not achieve treatment goals with statins

alone.6,7 The proprotein convertase subtilisin/kexin type 9

(PCSK9) inhibitor monoclonal antibodies represent an

additional option for lowering of LDL-C levels in patients

with ASCVD for whom maximally tolerated statin ther-

apy, with or without augmentation with ezetimibe, is

inadequate.8–10 For the first time, PCSK9 inhibitor thera-

pies have been included, as Class IIa evidence for very

high-risk patients with ASCVD, in the 2018 American

College of Cardiology/American Heart Association

(ACC/AHA) clinical practice guideline for the manage-

ment of blood cholesterol.10 The 2018 ACC/AHA choles-

terol guideline also introduces an LDL-C threshold of ≥70
mg/dL (≥1.8 mmol/L; multiply mg/dL by 0.02586 for

mmol/L) as a trigger for treatment decisions in patients

with very-high-risk ASCVD already receiving maximally

tolerated statin and/or ezetimibe therapy.

Although early barriers to access and reimbursement

for PCSK9 inhibitor therapy seem to be decreasing,11

overall approval rates for PCSK9 inhibitors were <50%

between July 2015 and August 2016.12,13 A previous ana-

lysis of early adopters of PCSK9 inhibitor therapy in the

US found that patients treated with PCSK9 inhibitors had

higher CV risk in terms of LDL-C levels, CV comorbid-

ities, statin intolerance, and intensity of LLT compared

with patients treated with LLTs other than PCSK9

inhibitors.14 We aimed to describe the CV risk profiles of

two distinct cohorts of patients—those prescribed PCSK9

inhibitor therapy and those whose non-PCSK9 inhibitor

LLT had been recently modified (ie, intensified, switched,

or augmented with ezetimibe). Characterization of these

two profiles should answer current questions about the

clinical appropriateness of PCSK9 inhibitor prescribing

patterns in real-world clinical practice in the US.

Methods
Study Design And Patient Population
This retrospective cohort study used linked pharmacy adjudi-

cation status (IQVIA Formulary Impact Analyzer [FIA];

IQVIA, Plymouth Meeting, PA, USA), medical and prescrip-

tion claims (IQVIA Dx/LRx or PharMetrics Plus [P+]), and

laboratory data (Prognos, New York, NY, USA) from July 1,

2013, to December 31, 2017 (Figure 1). The FIA is a nation-

ally representative transactional pharmacy claims database

that captures complete transaction records for prescription

transactions (approval, abandonment, and rejection). The

LRx database contains information related to adjudicated dis-

pensed prescriptions, which are sourced from retail, mail,

long-term care, and specialty pharmacies. This database is

sourced from pharmacies and represents >90% of all outpati-

ent prescriptions dispensed in the US. The Dx database con-

tains unadjudicated medical claims from office-based

physicians, ambulatory facilities, and general health care

sites. Dx data are supplemented with institutional claims,

including claims from hospital-based physicians. This data-

base is sourced from “clearing houses,”which are also referred

to as “switches.” These data represent approximately 75% of

all the physicians in the American Medical Association data-

base and capture >1.3 billion claims per year. The P+ database

contains adjudicated medical and pharmacy claims of patients

in the US and is sourced from payers. This database contains

standard fields such as inpatient and outpatient diagnoses and

procedures, and retail and mail order prescription records; P+

has detailed information on the pharmacy and medical benefit

(copayment, deductible), the inpatient stay (admission type

and source, discharge status), and provider details (specialty,

provider ID). The database includes >150 million unique

individuals, with approximately 40 million active patients in

the database in 2017.

Patients in all IQVIA databases and the Prognos LDL-C

dataset were linked at a patient level using a deterministic

encryption method that complies with Health Insurance

Portability and Accountability Act (HIPAA) regulations. The
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PCSK9 inhibitor cohort included patients who submitted a

prescription for PCSK9 inhibitor therapy. The cohort whose

existing statin or ezetimibe regimen was modified included

intensification of the current statin regimen by either increas-

ing the dose of the current statin or switching statins at a higher

intensity; by switching to a different statin, without an increase

in statin intensity; or by augmenting statin therapy with ezeti-

mibe. Supplementary Table S1 provides the statin intensity

rules. Patients who switched statins without intensification

were included in the modified non-PCSK9 inhibitor cohort,

because studies have shown substantial LDL-C lowering

among statin-treated patients who switched to a different statin

at the same intensity.15,16 Included patients were ≥18 years old,

had a pre-index LDL-C level ≥70 mg/dL at the time of pre-

scription for PCSK9 inhibitor therapy or modification of other

LLT, and had high-quality linkable data in the IQVIA claims

databases (Figure 1; Supplementary Table S2). Patients in

the modified LLT cohort were matched 1:1 to patients in the

PCSK9 inhibitor cohort by the LDL test date (within the same

calendar quarter; N=12,345 per cohort). The index event was

the LDL-C test at the time of initial PCSK9 inhibitor request

(PCSK9 inhibitor cohort) or the date-matched LDL-C test at

the time of the change in statin and/or ezetimibe regimen

(modified LLT cohort).

Pre-Index Measures And Index Event
All variables were measured during a 2-year baseline

period prior to the index event. The index period was

from July 1, 2015, to December 31, 2017, and the index

event for each patient was the qualifying LDL-C test date

(LDL-C ≥70 mg/dL).

Pre-index measures included demographics (age, sex,

geographic region, insurance type), clinical characteristics

(ASCVD diagnoses, CV comorbidities, LDL-C values),

LLT utilization, and CV risk as measured by occurrence of

recent major adverse CV events (MACE). MACE included

events of MI, ischemic stroke (IS), coronary revasculariza-

tion (coronary artery bypass graft or percutaneous coronary

intervention), and unstable angina (UA). ASCVD diagnoses,

CV comorbidities and risk factors, and MACE were identi-

fied using International Classification of Diseases (ICD)-9/

ICD-10 diagnosis codes. Baseline demographic and clinical

measures were summarized descriptively. This study was not

designed to make statistical comparisons between cohorts

and did not assess post-index outcomes.

Ethics
This study complied with all applicable laws regarding

subject privacy, using HIPAA-compliant de-identified

Figure 1 Study design and patient population: study period from 7/1/2013 to 12/31/2017.

Notes: aFloating 2-year index period that changed with the exact index date for each patient. For example, if a patient was indexed on 7/1/2016, the 2-year pre-index period would
be from 7/1/2014 to 7/1/2016. Only patients indexed exactly on the first day of the indexing period (7/1/2015) would have a pre-index period from 7/1/2013 to 7/1/2015.

Abbreviations: ACC, American College of Cardiology; ASCVD, atherosclerotic CV disease; CV, cardiovascular; FIA, Formulary Impact Analyzer; IS, ischemic stroke; LDL-C, low-

density lipoprotein cholesterol; LLT, lipid-lowering therapy; MACE, major adverse CV events; MI, myocardial infarction; P+, PharMetrics Plus; PCSK9, proprotein convertase

subtilisin/kexin type 9; UA, unstable angina.
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retrospective data sources. No direct subject contact or

primary collection of individual human subject data

occurred. Study results were in tabular form and aggregate

analyses that omitted subject identification; therefore,

informed consent, ethics committee approval, and institu-

tional review board approval were not required.

Results
Demographics And Clinical

Characteristics
Mean age was 66.2 years in the PCSK9 inhibitor cohort

and 64.1 years in the cohort whose LLT regimen was

modified; 58.4% and 49.0% of patients, respectively,

were ≥65 years of age (Table 1). Regarding ezetimibe

use, one in five patients (19.8%) in the PCSK9 inhibitor

cohort and one in 20 (5.0%) in the cohort whose statin

and/or ezetimibe regimen was modified were receiving

both statins and ezetimibe.

For the non-PCSK9 inhibitor cohort, there were no overt

or unexpected directional differences in the constellation of

demographic or clinical characteristics among the subgroups

whose statin regimen was intensified, switched, or augmen-

ted with ezetimibe (Supplementary Tables S3 and S4).

Baseline LDL-C Values
Mean LDL-C levels at index were 150 mg/dL (SD, 48.9

mg/dL) in the PCSK9 inhibitor cohort and 121 mg/dL

(SD, 37.5 mg/dL) in the cohort whose non-PCSK9 inhi-

bitor regimen was modified (Figure 2). Baseline LDL-C

levels were ≥130 mg/dL in 62.7% of patients in the

PCSK9 inhibitor cohort and 36.2% in the modified LLT

cohort; LDL-C levels were ≥100 mg/dL in 85.4% and

66.1% of patients, respectively. In the subset of patients

of the modified LLT cohort who had their statin regimen

augmented with ezetimibe (n=764), mean LDL-C was

115 mg/dL (SD, 38.2 mg/dL), and 57.5% of patients had

LDL-C levels ≥100 mg/dL (Supplementary Table S4).

ASCVD Diagnoses And Comorbidities
The percentages of patients with ASCVD diagnoses in the

PCSK9 inhibitor and modified non-PCSK9 inhibitor cohorts,

including any ASCVD diagnosis, acute coronary syndrome

(defined by MI or UA), stroke (IS or transient ischemic

attack), coronary revascularization, and possible familial

hypercholesterolemia (defined as LDL-C ≥190 mg/dL any

time during the baseline period), are summarized in

Figure 3A. A history of ASCVD was present for 60.2%

and 39.0% of patients, respectively. In the subgroup for

which the LLT regimen was augmented with ezetimibe,

52.4% of patients had ASCVD (Supplementary Table S4).

Table 1 Baseline Demographic And Clinical Characteristics:

Matched Cohorts

PCSK9

Inhibitor

Requested

(N=12,345)

LLT Regimen

Intensified/

Switched/

Augmented

(N=12,345)

Demographics

Age, years

Mean (SD) 66.2 (9.8) 64.1 (11.0)

Median 67 64

Age group, n (%)

18–34 years 30 (0.2) 83 (0.7)

35–44 years 206 (1.7) 419 (3.4)

45–54 years 1,242 (10.1) 1,822 (14.8)

55–64 years 3,654 (29.6) 3,971 (32.2)

≥65 years 7,213 (58.4) 6,050 (49.0)

Sex, n (%)

Men 5,712 (46.3) 5,834 (47.3)

Women 6,633 (53.7) 6,511 (52.7)

Geographic region, n (%)

Northeast 2,469 (20.0) 2,920 (23.7)

Midwest 937 (7.6) 1,109 (9.0)

South 7,245 (58.7) 6,763 (54.8)

West 1,694 (13.7) 1,553 (12.6)

Payer type, n (%)

Commercial 7,348 (59.5) 6,969 (56.5)

Medicare 4,935 (40.0) 4,774 (38.7)

Other 62 (0.5) 602 (4.9)

Clinical characteristics

CCI

Mean (SD) 2.5 (2.5) 2.6 (2.8)

Median 2 2

≥3 comorbidities, n (%) 4,894 (39.6) 4,868 (39.4)

LLT use, n (%)

Statin only 5,525 (44.8) 11,734 (95.0)

High intensity 1,738 (14.1) 1,856 (15.0)

Medium intensity 2,962 (24.0) 7,717 (62.5)

Low intensity 825 (6.7) 2,161 (17.5)

Statin + ezetimibe 2,444 (19.8) 611 (5.0)

High intensity 955 (7.7) 128 (1.0)

Medium intensity 1,110 (9.0) 403 (3.3)

Low intensity 379 (3.1) 80 (0.7)

Abbreviations: CCI, Charlson Comorbidity Index; LLT, lipid-lowering therapy;

PCSK9, proprotein convertase subtilisin/kexin type 9.
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Prevalence of ASCVD diagnoses in the PCSK9 inhibitor and

modified non-PCSK9 inhibitor cohorts, respectively, was

15.5% and 9.1% for acute coronary syndrome, 8.2% and

8.0% for stroke, 20.7% and 8.7% for coronary revasculariza-

tion, and 22.2% and 5.1% for possible familial hypercholes-

terolemia. Type 2 diabetes and hypertension were the most

common high-risk CV comorbidities in both groups

(Figure 3B).

CV Risk
Nearly 10% of patients had at least one acute MACE (MI,

IS, UA, or coronary revascularization) in the 2 years prior

to their PCSK9 inhibitor prescription (Figure 4). In the

cohort whose statin and/or ezetimibe LLT regimen was

modified, 5.1% of patients had at least one acute MACE.

Coronary revascularization was the most common MACE

in both groups (7.4% in the PCSK9 inhibitor cohort vs

3.0% in the modified non-PCSK9 inhibitor cohort).

Discussion
This real-world analysis characterizing the CV risk of

patients receiving a prescription for a PCSK9 inhibitor

from July 2015 through 2017, prior to release of the 2018

ACC/AHA guideline,10 demonstrates that physicians were

prescribing PCSK9 inhibitor therapy to patients with LDL-C

valuesmore than double the currently recommended target of

<70 mg/dL for patients with very high-risk ASCVD. In

addition to markedly elevated LDL-C, many patients also

had clinical ASCVD, high-risk comorbidities, and/or a recent

MACE. Compared with those whose non-PCSK9 inhibitor

lipid-lowering regimen was otherwise modified, the CV risk

profiles demonstrate that patients requesting access to

PCSK9 inhibitor therapy had higher baseline LDL-C values

and were older, with >50% of patients meeting the high-risk

criteria of being ≥65 years old. In addition, patients pre-

scribed PCSK9 inhibitors were generally more likely to

have high-risk CV-related comorbidities, ASCVD diagnoses,

and a recent MACE. More patients in the PCSK9 inhibitor

cohort were receiving both statins and ezetimibe, suggesting

greater LLT intensity in the PCSK9 inhibitor cohort. Our

results are in accordance with a previous study, which

found baseline LDL-C levels to be higher in patients pre-

scribed PCSK9 inhibitor therapy compared with patients

receiving other LLT.14 Interestingly, the earlier study found

that higher LDL-C levels were not associated with higher

PCSK9 inhibitor approval rates. Other variables that were

significantly associated with approval of PCSK9 inhibitor

therapy included age >65 years, history of ASCVD, prescrip-

tion by a cardiologist or non-primary care provider, statin

intolerance, longer statin duration, and noncommercial

payer.13

Figure 2 Mean baseline LDL-C value at index.

Note: To convert from mg/dL to mmol/L, multiply by 0.02586.

Abbreviations: LDL-C, low-density lipoprotein cholesterol; LLT, lipid-lowering

therapy; PCSK9, proprotein convertase subtilisin/kexin type 9.

Figure 3 ASCVD diagnoses (A) and cardiovascular comorbidities and risk factors (B).
Note: ASCVD diagnoses, cardiovascular comorbidities, and risk factors were

measured during the 2-year pre-index period using claims from PharMetrics Plus

or IQVIA medical claims database (Dx). UA was identified through in-patient claims

only; other ASCVD diagnoses were identified by at least one confirmatory (ie,

nonancillary) medical claim with ICD-9/ICD-10 diagnosis codes for ASCVD condi-

tions. “Any ASCVD” included ICD-9/ICD-10 codes for other atherosclerotic con-

ditions such as other types of coronary atherosclerosis or other forms of chronic

ischemic heart disease.

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; ACS, acute cor-

onary syndrome; CABG, coronary artery bypass graft; CKD, chronic kidney dis-

ease; FH, familial hypercholesterolemia; ICD, International Classification of

Diseases; IS, ischemic stroke; MI, myocardial infarction; LDL-C, low-density lipo-

protein cholesterol; LLT, lipid-lowering therapy; PCI, percutaneous coronary inter-

vention; PCSK9, proprotein convertase subtilisin/kexin type 9; TIA, transient

ischemic attack; UA, unstable angina.
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Although CV risk is multifactorial, LDL-C level is a

critical risk factor based on evidence that lower LDL-C levels

are associated with a reduced risk of CV events along with

improved patient outcomes, including for those with LDL-C

levels averaging 70 mg/dL or less.6,8–10,17,18 The ACC/AHA

recommendations to extend the use of PCSK9 inhibitors in

very-high-risk patients with ASCVD and monitor patient

response to statin therapy and lifestyle changes were based

on perspectives gleaned from the outcome trials that demon-

strated that lower LDL-C is better and safe, even at very low

levels.10,19 Overall, the addition of a PCSK9 inhibitor to

background statin therapy has been shown to further lower

LDL-C levels by 43% to 64% and also to reduce the occur-

rence of CVevents, including MI and IS.8,9,20,21

Despite declining CVD mortality rates in the 21st cen-

tury, recent trends suggest that these rates are stabilizing and

may even be on the rise because of shifting demographics,

increasing prevalence of risk factors, and the lack of innova-

tive treatments.22,23 One recent analysis predicts that if fac-

tors such as current treatment utilization remain unchanged,

CVDmortality in the USwill increase by 41% in 2040.23 The

authors suggest that wide utilization of innovations as

impactful as the introduction of statins is necessary to stabi-

lize and potentially further reduce CVD mortality. For

patients with LDL-C ≥70 mg/dL despite maximally tolerated

statin therapy, current guidelines recommend considering

ezetimibe for patients with clinical ASCVD and adding

ezetimibe before a PCSK9 inhibitor for patients with very

high-risk ASCVD.10 Results from our study are consistent

with other real-world studies, suggesting that augmentation

with ezetimibe may not be enough for some high-risk

patients to achieve LDL-C levels <70 mg/dL.24,25 Addition

of ezetimibe to statins has shown up to 25% reduction in

LDL-C,26 and this reduction would not have been sufficient,

on average, to lower the mean LDL-C from 115 to

<70 mg/dL in the group whose LLT was augmented with

ezetimibe. Therefore, modifying the current non-PCSK9

inhibitor LLT without adding a PCSK9 inhibitor, in general,

may not provide optimal LDL-C outcomes, particularly in

patients with LDL-C elevated to the extent observed in the

study cohorts.

Although MI and stroke have a similar prevalence in the

US,1 we observed a lower than expected percentage of

patients with a history of IS in our sample of patients

whose LLT was being actively managed. This finding sug-

gests that the IS population may be undertreated with LLT. In

a recently published study of recurrentMI and IS inMedicare

beneficiaries, the rate of recurrent IS during the patients’ first

year of survival after an event of IS (6.7%)was similar to that

of patients with recurrent MI (7.2%), which further supports

the need for aggressive intervention for secondary prevention

in patients with MI or IS.27 Other important areas for future

research will include investigating how the CV risk profile of

patients in our cohort compares with the risk profiles defined

in the 2018 ACC/AHA guideline, as well as assessing the

impact of new guideline and the potential influence on phy-

sician prescribing practices for PCSK9 inhibitor therapy in

future cohort analyses. Studies that assess the characteristics

of filled vs abandoned prescriptions and impact on CVout-

comeswould also be of interest in the context of the changing

value and access landscape for PCSK9 inhibitors.

Limitations
This was a retrospective analysis based on data linking

different claims databases and is subject to limitations of

conducting research using large administrative databases

containing data not originally collected for research pur-

poses. For example, it was not possible to determine

whether patients were receiving maximally tolerated sta-

tin therapy or if any patients in the PCSK9 inhibitor

cohort who were not receiving statins at index had been

rechallenged for statin intolerance. In addition, retrospec-

tive analyses can only identify relationships; they cannot

establish inference. This analysis was descriptive; thus,

possible confounding factors may not be controlled for in

the results. Although the analysis included both privately

insured patients and Medicare beneficiaries, results

should be interpreted in the context of the study sample

and may not necessarily be generalizable to the US

population. It was not possible to identify patients who

may have received samples of PCSK9 inhibitor therapy

Figure 4 Cardiovascular risk: ≥1 MACE during the 2-year baseline period.

Note: MACE were measured during the 2-year pre-index period using P+ or Dx

claims (primary diagnoses from inpatient claims and any nonancillary diagnoses from

the emergency department or outpatient claims).

Abbreviations: IS, ischemic stroke; LLT, lipid-lowering therapy; MACE, major

adverse cardiovascular events; MI, myocardial infarction; P+, PharMetrics Plus;

PCSK9, proprotein convertase subtilisin/kexin type 9; UA, unstable angina.
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during the pre-index period; therefore, only patients with

LDL-C ≥70 mg/dL were included in the analysis. Finally,

the study population was not restricted to patients with

ASCVD; however, many patients not receiving statins in

the PCSK9 inhibitor cohort possibly were statin intoler-

ant and many had probable familial hypercholesterole-

mia, as might be expected for early adopters of PCSK9

inhibitor therapy.

Conclusions And Relevance
Physicians are prescribing PCSK9 inhibitor therapy to

patients with risk profiles consistent with recent guideline

recommendations for use of PCSK9 inhibitors, including

LDL-C elevations and comorbid risk factors for adverse

CV events that suggest a higher risk profile than patients

on other LLTs. Since the PCSK9 inhibitor outcomes trials

and the 2018 ACC/AHA guideline support the “lowest is

best” concept regarding LDL-C levels and CV risk, aug-

mentation with ezetimibe may not be enough to achieve

LDL-C levels <70 mg/dL in many high-risk patients with

ASCVD. These results may be of interest to payers and

policymakers involved in devising access strategies for

PCSK9 inhibitors.
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