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ABSTRACT

Suboptimal drug adherence represents a major

challenge to effective primary and secondary

prevention of cardiovascular disease. While

adherence is influenced by multiple considera-

tions, polypharmacy and dosing frequency

appear to be rate-limiting factors in patient

satisfaction and subsequent adherence. The

cardiovascular and metabolic therapeutic areas

have recently benefited from a number of

advances in drug therapy, in particular protease

proprotein convertase subtilisin/kexin type 9

(PCSK9) inhibitors and incretin-based therapies,

respectively. These drugs are administered sub-

cutaneously and offer efficacious treatment

options with reduced dosing frequency. Whilst

patients with diabetes and diabetologists are

well initiated to injectable therapies, the car-

diovascular therapeutic arena has traditionally

been dominated by oral agents. It is therefore

important to examine the practical aspects of

treating patients with these new lipid-lowering

agents, to ensure they are optimally deployed in

everyday clinical practice.
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INTRODUCTION

Efficacious pharmacotherapies can only unlock

their benefits if they are associated with high

acceptability and adherence among the patients

to whom they are prescribed. In the context of an

ageing population with multiple comorbidities

and polypharmacy, the challenge of adherence
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and compliance is increasingly important.Whilst

the cardiovascular (CV) therapeutic area has

benefited from a number of advances in drug

development and device innovation, this brings

the challenge of ensuring the ever-growing ther-

apeutic armamentarium of evidence-based treat-

ments are optimally used in real-world practice

[1]. Cardiovascular risk reduction through lipid

lowering represents oneof themost evidence-rich

areas of cardiology, and clinical medicine more

broadly. The advent of several new and effective

classes of therapy in this area, which have differ-

ent modes of administration, brings the topic of

adherence and patient-centric considerations to

the forefront of strategies for modern cardiovas-

cular disease (CVD). We here review the chal-

lenges of treatment adherence in cardiometabolic

diseases, and explore how modern therapies and

their administration can be optimized to ensure

maximal adherence and benefit to patients.

Compliance with Ethics Guidelines

This article is based on previously conducted

studies and does not involve any new studies of

human or animal subjects performed by any of

the authors.

THE CHALLENGE OF ADHERENCE

IN CARDIOVASCULAR

PHARMACOLOGY

As of 2010, individuals using five or more pre-

scription drugs increased by 70% as compared

to the previous decade [2], with CV drugs the

most frequently used therapeutic group [3].

Current international guidelines aim to counter

clinician inertia for the management of com-

mon CV risk factors, such as high blood pres-

sure, and advocate the use of polypharmacy [4]

when clinically indicated. For lipid lowering

specifically, some have traditionally taken a

more conservative view with respect to combi-

nation therapies. This was in part due to the

risk–benefit ratio of non-statin therapies avail-

able at the time these guidelines were written

[5]. This point will be discussed in more detail

later [5]. The ESC/EASD Guidelines on diabetes,

pre-diabetes, and CV diseases [6] emphasise the

importance of patient-centred care to assist goal

setting and self-management, and to imple-

ment behavioural strategies in conjunction

with simplified dosing regimens to improve

adherence. Polypharmacy is, however, associ-

ated with higher morbidity and costs. The use of

multiple medications often leads to suboptimal

drug use, with under-prescription or inappro-

priate prescriptions, low adherence and side

effects. Cardiovascular drugs represent one of

the most used pharmacologic groups [7] and the

prescription of beta-blockers, angiotensin-con-

verting enzyme (ACE)-inhibitors and

anti-thrombotic agents have been largely

responsible for the steep increase in polyphar-

macy in recent decades [8]. In a large national

survey in the USA, hypertension was a predictor

of polypharmacy and hydrochlorothiazide,

atorvastatin and lisinopril were the most pre-

scribed medications [9].

Although CV drugs are frequently associated

with polypharmacy, several studies have repor-

ted their large-scale underuse [10, 11]. The use of

fiveormoredrugs canoftenproveharmful, as it is

associated with inappropriate prescriptions and

use of medications, reduced adherence, and

drug–drug interactions [3]. In primary and sec-

ondary prevention of CVD, taking multiple

medicationsmayoften result in under-treatment

and therefore increased risk of adverse outcomes

[12, 13]. Under-prescription is defined as a lack of

drug treatment for a disease in which drug ther-

apy is indicated and for which no contraindica-

tions exist [14]. Medication under-prescribing

was particularly common in a study of older

patients (average age 75 years) taking five or

more drugs, with blood pressure-lowering

agents, anticoagulants and lipid-lowering drugs

the most underused drugs [11].

Inappropriate drug prescription increases

costs, mainly by medication under-use and

hospitalisations from adverse effects [15]. A

treatment paradox also appears to exist, where

those patients at highest risk and in most need

of effective treatment are most likely to be

non-adherent. Patterns of drug therapy and

mortality risk were studied in patients with

heart failure—patients with a greater 1-year risk

of predicted death were less likely to take
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ACE-inhibitors, angiotensin receptor blockers

(ARBs), and beta-blockers [13]. Similarly, com-

pared to low-risk patients, a large retrospective

cohort study in Canada found statin use was

lower among high-risk patients with previous

myocardial infarction [12].

EVALUATING ADHERENCE

AND PATIENT SATISFACTION

SCORES

Greater medication adherence is associated with

improved clinical outcomes, prognostic benefits

in overall risk and mortality, and improved

cost-efficacy [16–22]. Treatment adherence

includes both compliance and persistence: treat-

ment compliance is influenced by the mode of

administration and frequency of doses, persis-

tence relates to the length of time the patient

remains on treatment [23]. While self-reporting

provides a simple, inexpensive, patient-centric

approach forassessingmedicationadherence, this

method is susceptible to patients providing

socially desirable responses. Multi-item adher-

ence scales have been designed to minimise this

bias [24]. Many factors impact a patient’s percep-

tion towards their medication, including both

real and perceived benefits and harms, prior

experience, andcomplexityof regimens, aswell as

perceptions of their illness, satisfaction with

treatment, and personal preferences [25]. In order

to deliver optimal treatment outcomes, patients

must therefore receive the correct choice of med-

ication, at the correct time [26]. Central to this

concept of ‘medicines optimisation’ is the need to

ensure patients are taking the medications they

have been prescribed correctly, as well as pre-

venting inappropriate use of medicines [26, 27].

Also, self-reported medication adherence has

been found to be at least moderately correlated

with adherence calculated using pharmacy fill

and electronic monitoring [28].

REGIMEN COMPLEXITY

Complex regimens impact patient safety by

presenting adherence challenges and increase

the likelihood of drug–drug interactions. This

may lead to serious clinical consequences from

both medication under- and over-use. Further,

complexity of medication regimens has been

found to be an important predictor of a

patient’s ability to manage medications [29].

Studies found an association between com-

plexity scores and important outcomes,

including adherence, caregiver burden, quality

of life, hospitalisations, and emergency depart-

ment and physician visits. Hospitalisation itself

has been shown to increase medication com-

plexity, therein fueling a cycle of healthcare

inefficiency [30, 31]. Studies often include reg-

imen attributes (e.g. dosing frequency) in addi-

tion to number of medicines: current scales

appear to focus on specific populations, such as

human immunodeficiency virus (HIV) [32] and

epilepsy [30], or specific drug classes. Reducing

complexity of treatment regimens is advocated

by the American Society of Health-Systems

Pharmacists Pharmacy Practice Model Initiative

[33], and the American Geriatrics Society guid-

ing principles for the Care of Older Adults with

Multimorbidity [34].

In a systematic review of complexity of reg-

imens [35], frequency of administration showed

the clearest agreement among scales, with

increased frequency leading to increased com-

plexity scores. The influence of multiple daily

dosing on regimen complexity and therefore

adherence is supported by a recent meta-anal-

ysis. Coleman et al. found that medication

adherence, as measured by an electronic moni-

toring device, was significantly lower for 2-, 3-,

and 4-times per day regimens, compared with

once-daily dosing [36]. Prior adherence studies

also support reduction in dosing frequency

[36–38]. In a meta-analysis, DiMatteo and col-

leagues [39] reported higher adherence to

treatment guidelines among patients in poorer

health, but only for those conditions classified

as less serious (e.g. hypertension). In contrast, in

those conditions classified as serious (e.g. can-

cers), adherence was found to be lower for those

in poorer health. This may be a consequence of

severely declining health and associated func-

tional limitations. There are a wealth of studies

reporting the reduction in adherence associated

with increasing treatment complexity—princi-

pally, the frequency of dosing necessitated, but
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also the route of administration, and other

dosing requirements (e.g. timing with meals)

[40–42].

ADHERENCE ACCORDING

TO MODE OF ADMINISTRATION

There is increasing experience with the subcu-

taneous (SC) route of administration from bio-

logics in malignancies and inflammatory

diseases [43]. These have provided insights with

respect to the practical use, convenience, and

potential for self-administration of

injectable medications, all of which influence

healthcare resources and costs. When assessing

patient preferences and satisfaction, it is also

important to appreciate the different methods

and delivery devices available for SC adminis-

tration. A recent systematic review assessed

patients’ perspectives on SC administered

self-injectable medications compared with

other routes or methods of administration for

the same medicines [44]: 85 studies met the

inclusion criteria, which ranged from treat-

ments for growth disorders, diabetes, multiple

sclerosis, HIV, and migraine. Among studies

comparing needle-free injector devices (NFIDs)

with SC injections, there was significant pref-

erence towards NFIDs in terms of patient-rated

ease of use [45], preference, or a desire to con-

tinue with the NFID at the end of the study [46].

In an adaptive conjoint analysis of users of

growth hormone therapy, autoinjection gener-

ated higher utility when compared with pre-

filled syringes (PFS) [47]. In addition, a

meta-analysis comparing patient perspectives of

medication administration routes in several

different disease states found increased satis-

faction and preference for pen devices and

autoinjectors as compared with needle and

syringe, with respect to the ergonomics, con-

venience, and portability [44]. Further, there

was no clear favorability between oral, SC, and

intramuscular administration routes. Studies

have demonstrated that compliance with oral

bisphosphonate therapy is poor, with 50–75%

of patients discontinuing treatment as early as

the first year of therapy [48].

LESSONS LEARNED

FROM DIABETES MELLITUS

Type 2 diabetes mellitus (T2DM), like dyslipi-

daemia, is a chronic disease for which the

majority of daily management rests with the

individual patient. Patient-related considera-

tions around the acceptability of therapies

should therefore play a central role in selecting

medications, and have been shown to influence

the success of long-term use and clinical out-

comes [49]. A large proportion of adult patients

with diabetes also exhibit blood LDL-C

C100 mg/dl or used lipid-lowering medications

[50]. Traditional therapies for diabetes are

associated with problematic adverse events,

specifically in respect to hypoglycaemia

(sulphonylureas [SUs] or glinides, insulin) and

weight gain (SUs, glinides, thiazolidinediones

[TZDs] and insulin), which can reduce adher-

ence [51–53].

The dissatisfaction of patients to insulin, in

particular, which typically necessitates admin-

istration of multiple daily doses, led to the

concept of ‘‘psychological insulin resistance’’

[54]. Unlike Type 1 Diabetes Mellitus (T1DM),

in T2DM, patients will often have failed to

achieve good blood glucose control with mul-

tiple oral agents before starting insulin. Patient

misconceptions may exacerbate the reluctance

for long-term insulin use, mistakenly associat-

ing insulin with uncontrolled disease, poorer

outcomes and complications. The problem of

adherence is, however, not unique to insulin

and injectable antidiabetic medications: adher-

ence rates for oral antidiabetic medications

have ranged from 36 to 93% in the literature,

with most studies reporting adherence in the

range of 65–85% [55, 56]. Poor adherence to

antidiabetic medications represents a barrier to

optimal glycaemic control. A number of studies

have demonstrated the link between reduced

treatment adherence and poorer glycaemic

control, and the associated increase in health

care costs [17, 57, 58]. In the case of insulin, pen

devices offer a more acceptable method of

administration than conventional vial and syr-

inge with respect to portability, convenience,

ease of use, and reduced injection-site pain,
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with high levels of patient satisfaction and

adherence [50, 59].

The complexity of medication management

is one of the key considerations which impact

the ability and willingness of patients with

T2DM to initiate and adhere to prescribed

therapies. When burdensome, this can serve as

an obstacle to optimal self-care [51]. Studies

examining the association between antidiabetic

medication regimen complexity and antidia-

betic medication adherence have shown regi-

mens with less frequent dosing to be associated

with increased adherence [38, 40]. In the first

phase of the Treating to Target in Type 2 Dia-

betes (4-T) study [60], patients with T2DM with

suboptimal glycaemic control on metformin

and sulfonylurea were randomised to the addi-

tion of a biphasic, prandial, or basal analogue

insulin. The proportions of patients who with-

drew from the study differed significantly

among the groups: 5.1% in the biphasic insulin

group (2 injections per day), 8.5% in the basal

group (1 injection per day), with the highest

withdrawal rates in the prandial group (3

injections per day) at 11.7%. A specific analysis

of the IMPROVE study (a multicentre non-

randomised observational study of the safety and

efficacy of Biphasic Insulin Aspart 30 [NovoMix

30�] in T2DM) applied the DiabMedSat to

examine the impact of different factors on

patient-reported treatment satisfaction [61].

Patients treated with NovoMix 30� reported

improved treatment satisfaction, which was

considered clinically meaningful to patients. In

addition, regression analysis reported negative

associations between weight gain and minor

hypoglycemic events with satisfaction in each of

the DiabMedSat domains, in addition to the

total score. Achievement of haemoglobin A1c

(HbA1c) levels was associated with greater satis-

faction in Symptoms and Burden domains. Data

from the French National Health and Wellness

Survey reported that patients on insulin therapy

were associated with a 33-fold higher odds of

being adherent to their medication than those

on oral bitherapy or tritherapy [62]. Further,

insulin treatment was not associated with a

reduction in quality of life.

Protease proprotein convertase subtilisin/

kexin type 9 (PCSK9) inhibitors for lipid

lowering offer attractive and convenient dosing

regimens, with some agents only requiring

monthly administration. In this respect, novel

incretin-based treatments for diabetes have a

number of comparable qualities to offer their

respective therapeutic area, without the need

for daily dose adjustment or tight monitoring

and less frequent dosing regimens. Glucagon-

like peptide-1 receptor agonists (GLP-1RAs)

represent a class of injectable antidiabetic

medications recommended for use as

monotherapy or in conjunction with other

therapies in dual, triple, or more complex regi-

mens [63]. There are several approved GLP-1RAs

on the market, with well-established clinical

efficacy and differing dosing regimen

complexities.

Patient-reported outcomes (PROs) provide

valuable insights into patient experience of

using different therapies [64]. The Diabetes

Treatment Satisfaction Questionnaire (DTSQ)

uses 6 items to produce a ‘total treatment sat-

isfaction’ score. A ‘‘change version’’ of the DTSQ

(DTSQc) [65] was later developed to enables

respondents to evaluate their current treatment

in relation to their previous treatment, permit-

ting comparison between agents. A systematic

review of PROs largely utilising the DTSQ and/

or Impact of Weight on Quality of Life-Lite

(IWQOL-Lite) found patients were satisfied

overall with incretin-based therapies compared

with traditional treatments [64]. Treatment

satisfaction (including perceptions of conve-

nience and flexibility) was heavily influenced

by efficacy of glucose lowering, as well as weight

loss and the low incidence of hypoglycaemia.

These benefits offset any potential reticence

about injections.

Secondary analyses of key trials of incre-

tin-based therapies have assessed the influence

of frequency and mode of administration on

adherence and patient satisfaction. Switching

from an oral agent to a SC drug was not asso-

ciated with any reduction in patient satisfaction

[66]: among injectables, once-daily regimens

were preferred over twice-daily [67, 68], and

once-weekly regimens had greater DTSQ scores

related to ‘willingness to continue’ compared

with twice-daily programs [69]. Convenience,

flexibility and reductions in public distress were

1880 Adv Ther (2017) 34:1876–1896



cited among the causative factors for this dif-

ference [69]. Real-world evidence from admin-

istrative claims data in the US also reported

increased adherence (measured by the propor-

tion of days covered [PDC]) in those treated

with the least frequent regimen of GLP-1RAs,

even after adjusting for potential confounders

[70]. Indeed, studies examining the complexity

of antidiabetic medication dosing regimens

have reported that the frequency of dosing

required can be more influential on adherence

than pill burden [71]. When patients were asked

to select between hypothetical treatments as

part of a discrete-choice experiment, more

injection-naı̈ve T2DM patients opted for weekly

injections rather than daily injections, with

dosing frequency identified as the principal

patient consideration for selecting GLP-1RA

treatments [72].

Comparisons of injected liraglutide versus

oral glimepiride in respect to patient satisfac-

tion have been evaluated using the DTSQ and

IWQOL-Lite [73], with similar total treatment

satisfaction scores observed despite a greater

incidence of nausea with the injectable treat-

ments. In this instance, patients’ appeared to

prioritise their perceived benefits of reduced

hypoglycaemia and weight loss. In a separate

study, patients randomised to SC exenatide

once weekly had increased total treatment sat-

isfaction compared with those receiving oral

sitagliptin or pioglitazone: analyses showed that

improved HbA1c and weight loss induced by

exenatide once weekly were key drivers in the

improved treatment satisfaction in individuals

with T2DM [74].

The data above indicate that the traditional

perception that patients prefer oral rather than

injectable medications may not hold true as,

where there are discernible or perceived efficacy

benefits, these appear to outweigh fear of

injection and perceptions of reduced conve-

nience and flexibility [75, 76]. This is particu-

larly pertinent given the recent surge in large

and well-conducted cardiovascular outcomes

trials that have increased the evidence base for

the efficacy or neutrality of anti-diabetic thera-

pies on CV events: LEADER [77] for liraglutide;

EMPA-REG OUTCOME for empagliflozin [78];

and ELIXA for lixisenatide [79]. In contrast,

glargine has neutral effects on CV outcomes

[80], and the glitazone class has been the subject

of scrutiny with respect to cardiotoxicity

(rosiglitazone being associated with a signal

towards excess risk of severe cardiovascular

disease or death from cardiovascular causes)

[81]. If these data are communicated to

patients, one might speculate that, based on the

adherence discussions thus far, perceived effi-

cacy differentiators would impact adherence.

OPTIMISING DEPLOYMENT

OF MODERN CV THERAPIES

A number of population studies have reported

the widespread failure in current real-world

practice to meet lipid targets [82–85]. Secondary

prevention data in those enrolled in the vascu-

lar protection (VP) and guidelines orientated

approach to lipid lowering (GOALL) study

indicated that around half of patients were not

at-goal, with even fewer among the highest risk

groups [86]. Statins provide efficacious

lipid-lowering with an excellent safety profile

and adverse skeletal muscle effects and myopa-

thy representing the main side effects. Clinical

trials report a 1.5–5% incidence of statin-in-

duced myopathy [87, 88], although real-world

evidence suggests a higher frequency [89].

Perhaps the most damaging consequence of

AEs in patients taking statins is the potential to

reduce compliance: negative views concerning

side effects with statin therapy have implica-

tions for adherence on a population level and

cause significant harm in terms of pre-

ventable CV events and death [90]. Indeed,

despite the efficacy of statins in reducing CV

events in both primary and secondary preven-

tion, a significant portion of patients with

atherosclerotic cardiovascular disease (ASCVD)

do not receive statins or are treated with sub-

optimal doses. Data from US federal health

insurance programmes have demonstrated low

statin use even among high-risk patients with

established coronary heart disease (CHD), with

figures ranging between 53 and 59% [91]. Sim-

ilar low adherence has been observed across

indications, including patients at high risk of

CHD [92] and in those with Framingham risk

Adv Ther (2017) 34:1876–1896 1881



scores[20%, with statins only used in one-fifth

of patients. Even in the acute setting, among

patients who filled a prescription for a statin

following a CHD event, only 27% filled a pre-

scription for a high-intensity statin after their

hospital discharge [93], despite clear interna-

tional guidance advocating this approach [5].

Similar results have been observed in European

countries [29]: among patients who do initiate a

statin, data from primary care show that

40–75% discontinue within the first year of

treatment [94–96].

Statin underuse arises from a number of dif-

ferent factors, with physician [97] and patient

inertia [98] playing a central role. The reluc-

tance of patients to initiate or adhere to statin

treatment is due, in part, to concerns regarding

potential toxicities. Together, these factors lead

to a collective therapeutic inertia, which has

been reported to be as high as 43%, and does

not spare those at very high risk with estab-

lished ischaemic heart disease and dyslipi-

daemia [97]. Physician questionnaires have also

revealed very conservative prescribing beha-

viours, with a reluctance to escalate lipid-low-

ering management in patients despite grossly

uncontrolled LDL-C levels [99]. Inadequate

physician education with respect to the bene-

fit-risk profile of statins may contribute to this

behaviour [100].

Whilst statin-associated muscle symptoms

are an important contributor to treatment dis-

continuation [101], a number of other symp-

toms have been attributed to interruption of

stain treatment, including hair loss, gastroin-

testinal symptoms and sleep disturbance, often

without confirmed causality [102]. In many

cases, patient apprehension and concerns

regarding potential toxicity and adverse events

drive non-adherence, rather than actually hav-

ing experienced any symptoms [101]. Indeed, a

meta-analysis of the side effects of statins

reported that adverse effects commonly attrib-

uted to statins (e.g. headache) were often

reported in equal numbers to those treated with

placebo [103]. Patient surveys have shown that

the patient apprehension around statins is fur-

ther worsened by uncertainty about the benefits

of these agents [104]. It should be acknowl-

edged that inherent challenges do exist with

adherence in dyslipidaemia, as the risk is

asymptomatic [104]. Although there is emerg-

ing evidence around the potential of genetic

polymorphisms relevant to the 3-hy-

droxy-3-methylglutaryl coenzyme A reductase

(HMG-CoA-R) pathway contributing to ‘statin

resistance’ [105], it is likely that suboptimal

adherence is the principal factor responsible for

patients’ variable responses to statins [106, 107].

Regardless of aetiology, adherence to statin

therapy is suboptimal [108]. Thus, in patients

not at-goal for lipid lowering, or intolerant to

statins, and particularly in those at high or very

high CV risk, alternative therapies are indicated.

For these patients, the options include switch-

ing to another statin, or selecting non-statin

lipid-lowering drugs. More recent trial data for

therapies targeting secreted circulating PCSK9

or the Niemann-Pick C1-like 1 (NPC1L1) pro-

tein suggest that incremental lowering beyond

that achieved with statin treatment is possible

[109–111].

CLINICAL UTILITY OF PCSK9

INHIBITORS

Two monoclonal antibodies directed against

PCSK9 are approved for treatment of hyperlipi-

daemia and mixed dyslipidaemia [117, 118].

International guidelines for lipid lowering have

key differences in their recommendations. The

2013 ACC/AHA guideline on the treatment of

blood cholesterol to reduce atherosclerotic CV

risk in adults [5] identified statin benefit groups,

and focused on the initiation and maintenance

of high- or moderate-intensity statin therapy.

While non-statin therapies were deemed not to

be justified at the time these guidelines were

written, due to their benefit-risk profile, this was

principally based on evidence from niacin in

the AIM-HIGH [119] and HPS-2 THRIVE [120]

trials, and fibrates in ACCORD-Lipid [121] and

Field [122]. The National Lipid Association

(NLA) Expert Panel [123] recommends non-

statin therapy be considered when excessive

circulating atherogenic cholesterol persists

despite appropriate lifestyle and statin therapy.

The ESC/EAS consensus statement [63] recom-

mends the use of PCSK9 inhibitors in severe

1882 Adv Ther (2017) 34:1876–1896



familial hypercholesterolaemia (FH) without

ASCVD, and heterozygous FH (He FH) with

maximally tolerated statin plus ezetimibe and

LDL-C[5.0 mmol/l ([200 mg/dl), or those with

LDL-C [4.5 mmol/l ([175 mg/dl) and 1 addi-

tional risk factor indicative of very high CV risk.

With the advent of PCSK9 inhibiters, an ACC

task force recently released a consensus report

to update the 2013 recommendations for

non-statin therapy [124]: in patients who can-

not achieve C50% LDL-C reduction or a 30 to

\50% LDL-C reduction with statins and dietary

interventions (including fibre supplements and

phytosterol supplements), the use of several

non-statin therapies (including ezetimibe, bile

acid sequestrants, and PCSK9 inhibitors) is rec-

ommended, depending on the patient group

under consideration. With respect to PCSK9

inhibitors, those patients taking maximally

tolerated statin therapy who have clinical

ASCVD, or patients without clinical ASCVD and

baseline LDL-C levels C190 mg/dL are potential

candidates.

In addition to medical societies, and in lieu

of definitive results from the ongoing out-

come studies, several national health systems

and insurance companies have reimbursed

PCSK9 inhibitors for selected patient popula-

tions. The UK National Institute for Health

and Care Excellence (NICE) recommends

evolocumab [125] and alirocumab [126] in

patients on maximal tolerated lipid-lowering

therapy with primary non-familial hyperc-

holesterolaemia or mixed dyslipidaemia in the

following circumstances: those with high risk

of CVD and LDL-C persistently [4.0 mmol/l,

and those with very high CVD risk and LDL-C

persistently [3.5 mmol/l. In primary

heterozygous-familial hypercholesterolaemia

without CVD, evolocumab and alirocoumab

are recommended only if LDL-C is persistently

[5.0 mmol/l, or in patients with CVD where

LDL-C is persistently [3.4 mmol/l, again

despite maximal tolerated lipid-lowering

therapy. While limited real-world data on

these agents exist, one study from the US has

reported on a small sample size treated with

evolocumab and alirocumab [127]: following a

multidisciplinary approach to patient selec-

tion and documentation, in the majority of

patients, these agents were successfully

approved by the insurance companies. Among

patients treated with a PCSK9 inhibitor, 80%

had been treated as add-on therapy to a statin

(with or without ezetimibe), and 20% as

monotherapy. Through monthly phone calls

from speciality pharmacists, 97% of these

patients reported continued adherence to

therapy at 1 year of treatment, with only 11%

reporting any missed injections at all during

this period.

With consideration to the importance of

dosing simplicity and adherence, and the like-

lihood that a large proportion of patients will

receive PCSK9 inhibitors in combination with

another lipid-lowering therapy, and the relative

novelty of self-administering SC medication in

this patient population, understanding

patients’ perspectives around using

injectable treatments is critical.

EVOLOCUMAB

Evolocumab is currently approved for SC

administration using monthly (QM) or

biweekly (Q2W) dosing [117, 128]. The Amgen

trial program for evolocumab, the ‘‘Program to

Reduce LDL-C and cardiovascular Outcomes

Following Inhibition of PCSK9 In different

pOpulations (PROFICIO)’’, consists of phase 2

and 3 studies which evaluated the safety and

efficacy of evolocumab in patients with hyper-

cholesterolaemia and mixed dyslipidaemia, in

addition to a number of ongoing studies

examining efficacy and safety with respect to

atherosclerotic burden and outcomes in sec-

ondary prevention (ClinicalTrials.gov,

NCT01813422, and NCT01984424).

In the evolocumab outcomes study

(NCT01764633), when added to background

statins, evolocumab lowered LDL-C by 59% to a

median of 30 mg/dL (least squares mean at week

48), and significantly reduced the risk of car-

diovascular events compared with placebo

(median follow-up, 2.2 years) [129]. Adminis-

tration of evolocumab in different settings was

tested in the PROFICIO program. In phase 2

studies [130], evolocumab was administered in

the clinic by a healthcare practitioner. In
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contrast, in the phase 3 studies [114–116, 131],

the first one or two doses (in addition to the

final dose) were administered in the clinic (ei-

ther by site staff, the patient, or caregivers) and

further doses were administered at home, by the

caregiver or patient. Safety was assessed through

reports of adverse events related to the drug or

device. However, these studies were not

designed to specifically test the feasibility of

self-administration of evolocumab in the home

setting.

Frequency of Administration

OSLER-2 [132] is an ongoing, open-label

extension study of evolocumab phase 3 studies

to evaluate the longer-term safety and efficacy

of evolocumab in patients with hypercholes-

terolaemia. In OSLER-2, patients have the

choice to receive evolocumab either Q2W or

QM. Of 4764 patients receiving at least one dose

of treatment during a qualifying parent study,

4581 (96%) completed the study and became

eligible for OSLER-2, and 3478 patients enrolled

into OSLER-2 [132]. Figure 1 provides a sche-

matic of the OSLER-2 study design and recruit-

ment from parent studies. Patients dosed QM

received three injections as a single treatment

(equalling 420 mg total). During parent studies,

2318 patients were randomised to

evolocumab?standard-of-care (SOC), with an

average follow-up period of 11 months. Of this

group, 945 (41%) were initially randomised to

Q2W dosing, of which 70% chose to continue

with Q2W dosing and 30% opted to switch to

QM dosing. Of those 1373 (59%) in parent

studies who were randomised to a QM regimen,

74% chose to continue and 26% decided to

change to the Q2W regimen. Only 2% of the

Q2W regimen and 2% of QM patients did not

receive any further doses following the first day

of administration. Following initial decisions

regarding dosing preference, patients did not

generally choose to change their regimen fur-

ther during on-going treatment (8% of Q2W

patients switched to QM dosing and 5% of QM

patients switched to Q2W dosing). When given

the option to change dosing regimens during

OSLER-2, the majority of patients chose to

continue with the dosing schedule they were

assigned in the parent study, and stayed on

their chosen dose in the first year of OSLER-2.

Following the first open-label dose, very few

patients dropped out of the study. This obser-

vation suggests patient acceptance of either a

lower-volume/more-frequent or higher-vol-

ume/less-frequent regimen once preference was

established.

Comparison of Pre-Filled Syringe (PFS)

Versus On-Body Devices

In the phase 3 studies, evolocumab was

administered as a 140-mg/mL solution in either

a PFS or an autoinjector [113–116, 131, 133].

Trials have demonstrated evolocumab reduces

LDL-C consistently across different populations.

While administration at home and in a clinic

setting were tested in the phase 3 studies, these

studies did not specifically evaluate the feasi-

bility of at-home administration. Patients who

enrolled with hypercholesterolaemia or mixed

dyslipidaemia on statin therapy and with or

without ezetimibe received evolocumab in the

at-home setting. In the THOMAS-1 study, 149

patients were randomised to self-administer

evolocumab 140 mg Q2W over 6 weeks using

either a PFS or a SureClick� autoinjector (Clin-

icalTrials.gov, NCT01849497) [112]. Each PFS or

autoinjector is for single use only and consists

of a 1-mL solution in a single use pre-filled pen,

of which the entire contents are injected per use

for simplicity of administration. In the THO-

MAS-2 study, 164 patients were randomised to

evolocumab 420 mg QM administered over

12 weeks in either a SureClick� autoinjector or

an automated minidoser (ClinicalTrials.gov,

NCT01879319) [112]. The addition of a

monthly dosing option was intended to

accommodate patient convenience. The THO-

MAS-2 study was the first phase 3 study to use

the automated minidoser device, which is a

single-use, disposable, on-body electromechan-

ical device that administers 420 mg of evolo-

cumab in 3.5 ml over approximately 9 min

[112]. Figure 2 includes an illustration of the

three devices. In these two clinical studies, the

first self-administration occurred in the in-clinic
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setting, and two more were performed in the

at-home setting. Patients were successful in

self-administering evolocumab in the at-home

setting in approximately 95% of attempts, and

experienced LDL-C reductions from baseline to

week 6 or the mean of weeks 10 and 12 of

approximately 65%. Rates of successful self-ad-

ministration and LDL-C reduction were similar

across dosing schedules and study devices.

Evolocumab exhibits nonlinear pharmacoki-

netics and, as such, 420 mg QM produces clin-

ically equivalent changes in lipid parameters

and tolerance compared with 140-mg Q2W

dosing [134]. Adverse events (AEs) were similar

between randomised groups and generally mild

in severity. Four adverse device effects were

reported: 2 injection site reactions occurred in

one patient who used the automated minidoser,

2 patients in the autoinjector group experi-

enced pain in extremity or injection-site hae-

matoma [112]. AEs in the THOMAS studies were

similar to AEs of the overall PROFICIO popula-

tion [111, 114–116, 131]. Patient disposition of

the studies and reasons for discontinuation are

shown in Fig. 3.

Evolocumab in the Home-Use Setting

The LDL-C reduction and safety observed in

evolocumab clinical [111, 114–116, 131] pro-

vides a strong rationale to offer eligible patients

this injectable to be initiated and administered

in the at-home setting. The randomised studies,

THOMAS-1 and THOMAS-2, were designed

specifically to evaluate the ability of patients to

inject evolocumab with different devices in the

context of at-home use [112]. Following suit-

able training in use and drug administration

with the device, almost all patients in these

studies could administer evolocumab success-

fully at home, and increased success with repeat

subsequent injections. The profound LDL-C

reduction seen at follow-up in both studies

further signals the reliability of self-administra-

tions. The devices tested were safe and well

tolerated. These findings provide compelling

evidence that evolocumab can be successfully

administered by patients at home without the

need for supervision from a healthcare profes-

sional, provided that appropriate training is

given.

Fig. 1 Study design and recruitment for OSLER-2.
Adapted from Koren et al., 2016 [132]. OL open-labelled,
Q2W biweekly, QM monthly. Percentages reflect the

proportion of patients continuing on dose frequency or
changing to alternative dose frequency
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Based on the results of the THOMAS studies

summarised above, the US prescribing infor-

mation for evolocumab was recently updated

[135] to include the single-use, disposable,

on-body electromechanical device (known as

the PushtronexTM system on-body infusor with

prefilled cartridge in the US) in addition to the

PFS. All devices are approved in the US for

at-home administration by patients or their

caregivers with the relevant training [117, 135].

In Europe, the Committee for Medicinal Prod-

ucts for Human Use adopted a positive opinion

for the automated minidoser on 16 December

2016. Evolocumab is approved at doses of

140 mg Q2W or 420 mg QM [128]; these two

dosing regimens provide equivalent LDL-C

reductions over time [108] and are offered to

accommodate patient preference [128]. The

140-mg injections can be administered either

with a single-use PFS or single-use prefilled

SureClick� autoinjector/pen [117], whilst the

420-mg dose can be administered over 9 min by

using the single-use PushtronexTM system

on-body infusor with prefilled cartridge (US

only, 117, 135), or by giving three injections

consecutively within 30 min using the sin-

gle-use prefilled SureClick� autoinjector/pen or

single-use PFS [117]. The recommended SC dose

in patients with homozygous familial hyperc-

holesterolaemia (HoFH) is 420 mg QM

[117, 128]. According to the EU label, evolocu-

mab treatment at a dose of 420 mg Q2Wmay be

initiated in HoFH patients on apheresis to cor-

respond with their apheresis schedule [117]. If a

clinically meaningful response is not achieved

in HoFH patients by week 12, dose frequency

can be up-titrated to 420 mg Q2W [117].

ALIROCUMAB

Frequency of Administration

Alirocumab was initially approved for Q2W SC

administration, with a starting dose of 75 mg,

which could be increased to a maximum

dosage of 150 mg Q2W should the LDL-C

response be inadequate [136]. In Europe, alir-

ocumab monthly dosing [110] was also

approved, based on results from CHOICE I

[111] which demonstrated the viability of

alirocumab at 300 mg Q4W in patients with

hypercholesterolaemia at moder-

ate-to-very-high cardiovascular risk requiring

LDL-C-lowering treatment who were previ-

ously on maximally tolerated statin or no

statin, either alone or in combination with

other lipid-lowering therapies. Significant

Fig. 2 Diagrams of a autoinjector, b prefilled syringe, and
c automated minidoser (on-body infusor) [112]
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LDL-C reductions from baseline to week 24

were seen with alirocumab at 300 mg Q4W

versus placebo, with acceptable levels of

treatment-emergent adverse events. ODYSSEY

CHOICE II [112] evaluated alirocumab 150 mg

Q4W in patients not on statins (mostly as a

consequence of statin-associated muscle

symptoms), with inadequately controlled

hypercholesterolaemia receiving treatment

with fenofibrate, ezetimibe, or diet alone.

Alirocumab 150 mg Q4W and 75 mg Q2W

achieved comparable least-squares mean

LDL-C changes from baseline to week 24

(-51.7 and -53.5%, respectively), with similar

treatment-emergent adverse events. As such,

the updated EU label [110] recommends

75 mg Q2W SC as a starting dose, and patients

requiring larger LDL-C reduction ([60%) have

the option to start on 150 mg Q2W or 300 mg

Q4W. The dose of alirocumab can be indi-

vidualised based on patient characteristics

such as baseline LDL-C level, goal of therapy,

and response. If additional LDL-C reduction is

needed in patients treated with 75 mg once

every 2 weeks or 300 mg once every 4 weeks

(monthly), the dosage may be adjusted to the

maximum dosage of 150 mg once every

2 weeks.

Treatment adherence with alirocumab was

recently assessed in a pooled analysis from six

double-blind Phase 3 trials from the ODYSSEY

program [137]. Overall adherence was calcu-

lated for each patient as 100%—(% days with

below-planned dosing ?% days with above-

planned dosing). In 4197 patients (mean expo-

sure, 71.9 weeks), overall mean adherence was

97.9%, with a mean 1.9 and 0.2% days below-

planned and above-planned dosing, respec-

tively, over a period of 52 weeks or more. In this

pooled analysis, there was a 3-day therapeutic

window around the scheduled administration

date in which the drug could be administered

without affecting the magnitude of LDL-C

lowering.

Alirocumab in the Home-Use Setting

The Injection-Treatment Acceptance Question-

naire (I-TAQ) was recently utilised to test

patient-reported outcomes in individuals taking

alirocumab. Participants were recruited through

purposeful sampling from either a randomised

double-blind, placebo-controlled clinical trial or

an open-label extension trial for alirocumab.

The questionnaire consists of 17 items (with a

further 5 added following the first interview)

and was tested through 3 rounds of qualitative

interviews in high CV risk patients [114]. Con-

cepts of treatment acceptance that emerged

included perceived efficacy of the treatment,

acceptance of side effects, injection self-efficacy,

injection convenience, and overall acceptance

[114]. Although three-quarters of patients

recalled feeling apprehensive when administer-

ing their first alirocumab injection (approxi-

mately half of whom had a previous fear of

needles), all patients reported feeling confident

in administering their most recent injection.

Most patients (79%) did not report the injection

to have any impact on their psychological/

emotional wellbeing: only 1 patient (3%)

reported feeling scared of the needle and 1

patient (3%) had stress associated with remem-

bering when to take the injection. Overall, 13%

of patients actually reported a positive change

in their psychological wellbeing after the treat-

ment due to the improvements in test results.

Perceived efficacy of the treatment was defined

as the patient’s belief that the treatment was

effectively treating their condition. Of the

patients interviewed, two-thirds did not know

whether the treatment was working because

they had not seen their LDL-C levels; such

patients, therefore, relied on their own percep-

tion regarding whether their treatment was

effective. Conversely, those patients recruited

from the open-label study had access to their

results and therefore had knowledge of their

bFig. 3 THOMAS-1 and THOMAS-2 patient disposition.
Taken from Dent et al. 2006 [112]
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LDL-C levels as an indicator of efficacy. Per-

ceived efficacy of the treatment was reported to

substantially influence patients’ acceptance and

attitudes toward long-term use and adherence.

The patients discussed how convenient they

found administering the injection, specifically

practical aspects such as the scheduling and

frequency of doses, remembering doses,

managing missed doses, storage of the treat-

ment, and the time taken to prepare and

administer the treatment. Almost all (93%)

patients found it easy to fit the injection into

their schedule, comparing it to other routine

activities of daily living such as ‘‘brushing my

teeth’’. All patients took the injection at home

and reported this to be the most convenient

place to administer the treatment, the majority

of whom (72%) spontaneously reported using a

reminder to help them take their injection at

the correct time (e.g. setting a timer).

OTHER PCSK9 INHIBITORS

IN DEVELOPMENT

Inclisiran is an investigational chemically syn-

thesised small interfering RNA designed to tar-

get PCSK9 messenger RNA. It is being studied at

dosing regimens of 200, 300, or 500 mg SC

every 90 or 180 days. In a recently completed

phase 2 multicentre double-blind placebo-con-

trolled trial [138] of 501 patients at high risk for

CV disease and elevated LDL-C levels, the pri-

mary end point of change from baseline LDL-C

at 180 days was met, with least-squares mean

reductions of 27.9–41.9% after a single dose at

90 days of inclisiran and 35.5–52.6% after 2

doses over 180 days. The infrequent dosing

required with this agent is attractive from an

administration perspective and phase 3 studies

are ongoing to further evaluate efficacy in rele-

vant patient groups.

CONCLUSION

Polypharmacy in CVD is a natural byproduct of

our success in preventing mortalities in the

setting of acute CV events, thus necessitating

chronic primary and secondary therapeutic

prevention. Polypharmacy is, however, associ-

ated with a number of challenges—most nota-

bly adherence. A wealth of patient-reported

outcomes and adherence data from other ther-

apeutic areas, of which the GLP-1RAs in T2DM

are arguably the most relevant, reveal a high

acceptance of injectable medications, in partic-

ular if regimen complexity is improved (i.e.

reduced dosing frequency), the device is simple

and patients are made aware of the associated

clinical efficacy of the agents being adminis-

tered. Despite the well-known safety and effi-

cacy of statin therapies, an unacceptably high

number of patients in both primary and sec-

ondary prevention fail to meet lipid targets. In

addition, a proportion of patients will be poorly

adherent, in part due to intolerance. Against

this background, the PCSK9 inhibitors bring

opportunities and challenges. Their reduced

dosing frequency with patient-managed injec-

tions assisted by simple and effective adminis-

tration tools and devices will likely improve

adherence. The pharmacodynamics of these

injectable therapies and the reduced frequency

of their administration also provide a degree of

forgiveness if the scheduled dosing date is mis-

sed by a few days, still permitting good LDL-C

lowering over time, in contrast to oral agents

where a missed dose often equates to a day of

lost coverage. However, while their licensed

indication is broad, their reimbursement and

initial use will likely be as add-on therapy to

maximal tolerated statins (with or without

ezetimibe). Optimising the practical aspects of

drug prescription and administration and

shifting the focus of care to patient-centric

considerations should therefore represent a

critical agenda in future efforts in CV disease

and risk prevention.
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