
Open access 

  1Khatib R, et al. Open Heart 2022;9:e001931. doi:10.1136/openhrt-2021-001931

To cite: Khatib R, Khan M, 
Barrowcliff A, et al. Innovative, 
centralised, multidisciplinary 
medicines optimisation clinic for 
PCSK9 inhibitors. Open Heart 
2022;9:e001931. doi:10.1136/
openhrt-2021-001931

Received 8 December 2021
Accepted 22 March 2022

1Leeds Institute of 
Cardiovascular and Metabolic 
Medicine, University of Leeds, 
Leeds, UK
2Cardiology Department, Leeds 
Teaching Hospitals NHS Trust, 
Leeds, UK
3Medicines Management & 
Pharmacy Services, Leeds 
Teaching Hospitals NHS Trust, 
Leeds, UK
4Leeds Centre for Diabetes and 
Endocrinology, Leeds Teaching 
Hospitals NHS Trust, Leeds, UK

Correspondence to
Dr Rani Khatib, Cardiology 
Department, Leeds Teaching 
Hospitals NHS Trust, Leeds LS1 
3EX, UK;  r. khatib@ leeds. ac. uk

Innovative, centralised, multidisciplinary 
medicines optimisation clinic for 
PCSK9 inhibitors

Rani Khatib    ,1,2,3 Mutiba Khan    ,3 Abigail Barrowcliff,3 Eunice Ikongo,2 
Claire Burton,4 Michael Mansfield,4 Alistair Hall1,2

Cardiac risk factors and prevention

© Author(s) (or their 
employer(s)) 2022. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Background Proprotein convertase subtilisin/kexin type 
9 inhibitors (PCSK9is) are an important but underutilised 
option to help optimise lipid management. We developed a 
new service to improve patient access to these medicines 
in line with National Institute for Health and Care 
Excellence recommendations. This paper describes the 
model and provides lipid- lowering results and feedback 
from the first 100 referred patients.
Methods The service is based on a centralised 
multidisciplinary clinic that is the sole prescriber of PCSK9i 
therapy in the area. Referred patients are assessed for 
eligibility and given tailored, person- centred support, 
education and monitoring to promote treatment adherence 
and lipids optimisation. The clinic also supports referred 
patients that do not meet PCSK9i eligibility criteria.
Results Among the first 100 patients referred (n=62 
male; mean age: 62.9±10.5 years), 48 were initiated 
on PCSK9i therapy. Mean total cholesterol decreased 
from 7.7±1.6 mmol/L at baseline to 4.5±1.4 mmol/L 
at 3 months (41% reduction), while mean low- density 
lipoprotein- cholesterol (LDL- C) fell from 5.0±1.6 mmol/L 
to 2.1±1.3 mmol/L (58% reduction; p<0.0001) and 
median LDL- C decreased from 4.8 mmol/L to 1.6 mmol/L 
(67% reduction) over the same period. These decreases 
were maintained at 12 months (45%, 65% and 67% 
reductions, respectively; p<0.0001 for the decrease in 
mean LDL- C from baseline). Patient feedback on the clinic 
was positive and overall satisfaction was high.
Conclusions This innovative, person- centred, 
multidisciplinary service successfully initiated PCSK9i 
therapy for eligible patients and drove long- term 
monitoring, adherence and cholesterol lowering. It 
also provided medicines optimisation and adherence 
assistance to PCSK9i- ineligible patients. The model could 
be used in other areas to support better uptake and 
optimisation of PCSK9i therapy.

INTRODUCTION
Lipid lowering is central to the management 
of dyslipidaemia in patients with elevated 
cardiovascular risk.1 2 Statins are a mainstay 
of the current approach,1–3 but discontinu-
ation and non- adherence remain common 
challenges.4 5 Indeed, up to three- quarters 
of patients are believed to discontinue 

statins within the first 2 years.6 Furthermore, 
reported intolerance is high. As many as one 
in five patients may be unable to continue 

Key questions

What is already known about this subject?
 ► Lipid optimisation is important to reduce the risk of 
cardiovascular disease.

 ► Although statins are central to lipid management, 
there are significant challenges; some patients 
report intolerance or reluctance, others poorly ad-
here to these medicines,and some do not achieve 
acceptable levels of lipid reduction on maximum 
tolerated therapy.

 ► Proprotein convertase subtilisin/kexin type 9 inhibi-
tors (PCSK9is) offer another option to better manage 
hyperlipidaemia but are underused despite being 
recommended by the UK National Institute for Health 
and Care Excellence (NICE).

What does this study add?
 ► This paper describes an innovative, person- centred, 
centralised, multidisciplinary service that has been 
successfully deployed to improve PCSK9i utilisation 
in line with NICE recommendations, leading to im-
proved lipid management.

 ► The service does not focus only on PCSK9is but 
also attempts to address other challenges in the 
optimisation of lipid management, such as statin 
intolerance and adherence. The model was found 
to be cost effective and was funded by the Clinical 
Commissioning Group.

 ► It also paved the way for multidisciplinary working 
and the implementation of more streamlined mech-
anisms for referring appropriate patients.

How might this impact on clinical practice?
 ► This service improved access to PCSK9i among 
eligible patients—and can be duplicated in other 
centres to offer patients better optimisation of their 
lipid management.

 ► The model is flexible enough to allow the intro-
duction of other novel medications for cholesterol 
lowering—and is multidisciplinary, thereby allowing 
all relevant healthcare professionals to contribute to 
lipid management.

 ► It can also bridge the gap for patients with statin 
intolerance.
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on a daily statin because of presumed intolerance issues, 
particularly muscle cramps,3 7 although a short ‘drug 
holiday’ can improve tolerance.8 In addition, some 
patients inevitably fail to reach low- density lipoprotein- 
cholesterol (LDL- C) targets despite tolerating and 
adhering to an optimised statin dose, even with the addi-
tion of ezetimibe.

Until recently, there were limited options for managing 
dyslipidaemia in patients at high risk with statin intol-
erance or who otherwise failed to meet their target. 
However, proprotein convertase subtilisin/kexin type 9 
inhibitors (PCSK9is) provide an alternative. They work 
by acting on PCSK9, a key protein involved in the regu-
lation of serum LDL- C through interaction with the LDL 
receptor.9 Two PCSK9i treatments, alirocumab and evolo-
cumab, have been approved by the European Medicines 
Agency based on phase 3 trials demonstrating significant 
reductions in LDL- C and cardiovascular disease (CVD) 
events.10 The recent licensing of bempedoic acid and 
inclisiran in the UK (as well as Europe and the USA) 
provides additional options.11 12 However, these were not 
available when the present project was set up.

Current European dyslipidaemia management guide-
lines recommend that PCSK9is should be considered for 
patients at very high risk who do not achieve their LDL- C 
goal on a maximum tolerated dose of a statin and ezeti-
mibe.2 The UK National Institute for Health and Care 
Excellence (NICE) has a different approach, as published 
in its technology appraisal guidance on alirocumab and 
evolocumab in June 2016.13 14 NICE recommends these 
drugs as an option for treating primary hypercholes-
terolaemia or mixed dyslipidaemia if LDL- C concentra-
tions are persistently above specific thresholds (table 1), 
despite maximal tolerated lipid- lowering therapy, that is, 
if the maximum dose has been reached or further titra-
tion is limited by intolerance (defined as clinically signif-
icant adverse effects that represent an unacceptable risk 
or may reduce treatment adherence).15

NICE and ESC also have different cholesterol- lowering 
targets. ESC guidelines recommend an LDL- C reduction 
of ≥50% from baseline and LDL- C <1.4 mmol/L in the 
context of primary and secondary prevention for patients 
who are at very high risk of CVD. For secondary preven-
tion among patients at high risk, an LDL- C reduction 

of ≥50% from baseline and LDL <1.8 mmol/L are recom-
mended.2 NICE generally recommends a >40% reduction 
in non- high- density lipoproten- cholesterol (HDL- C), and 
for patients with familial hypercholesterolaemia (FH), 
NICE recommends a ≥50% reduction in LDL- C.1 15

The National Health Service (NHS) in England is 
legally obliged to make available to eligible patients any 
medicine recommended by NICE within 3 months of 
that guidance being issued.16 However, given the high 
cost of PCSK9is, the importance of ensuring appropriate 
prescribing and the need for substantial patient educa-
tion and monitoring, it was clear to us that a bespoke 
management model was required. The Leeds Teaching 
Hospitals NHS Trust (LTHT), therefore, undertook to 
design an appropriate PCSK9i service for its local area. 
A centralised model was developed based on a person- 
centred approach.

The aims of the service were: to assess patient eligi-
bility for PCSK9is in line with NICE guidance; in ineli-
gible patients, to provide specialist input to optimise 
lipid- lowering treatment and ensure appropriate onward 
referral; and, in eligible individuals, to provide tailored 
support, education and monitoring to promote treat-
ment adherence and optimisation of LDL- C.

Here, we describe the model, and provide lipid- 
lowering results and patient questionnaire feedback from 
the first 100 individuals referred to the service.

METHODS
Service background
Following the publication of NICE guidance on aliro-
cumab and evolocumab,13 14 a steering group of leading 
cardiologists, pharmacists and lipidologists from the 
Leeds area was formed. Their purpose was to design a 
local service for PCSK9i initiation and management in 
eligible patients.

The group agreed that PCSK9i prescribing should be 
restricted to secondary care, to ensure necessary specialist 
input, reduce the risk of initiation in ineligible patients 
and facilitate appropriate monitoring. In addition, the 
cost of PCSK9is is lower in secondary care, creating a 
saving that could be passed to local clinical commis-
sioning groups. Commissioners were engaged early in 

Table 1 NICE criteria thresholds for recommending PCSK9i therapy in patients with persistent hypercholesterolaemia13 14

Patients Without CVD

With CVD

High risk of CVD* Very high risk of CVD†

Primary non- FH or mixed 
dyslipidaemia

Not recommended at any LDL- C 
concentration

Recommended only if
LDL- C persistently >4.0 mmol/L

Recommended only if
LDL- C persistently >3.5 mmol/L

Primary heterozygous FH Recommended only if
LDL- C persistently >5.0 mmol/L

Recommended only if
LDL- C persistently >3.5 mmol/L

*A history of any of the following: acute coronary syndrome (such as myocardial infarction or unstable angina needing hospitalisation); 
coronary or other arterial revascularisation procedures; chronic heart disease; ischaemic stroke; or peripheral arterial disease.
†Recurrent cardiovascular events or cardiovascular events in >1 vascular bed.
CVD, cardiovascular disease; FH, familial hypercholesterolaemia; LDL- C, low- density lipoprotein- cholesterol; NICE, National Institute for 
Health and Care Excellence; PCSK9i, proprotein convertase subtilisin/kexin type 9 inhibitor.
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the planning process to ensure that the service met their 
needs.

SERVICE DESIGN
The model is based on a centralised multidisciplinary 
service hosted by the Cardiology Department of LTHT, as 
part of their Cardiology Outpatient Innovative Medicines 
Optimisation Service (figure 1). This clinic, known as the 
‘Leeds Innovative Medicines Clinic’, is the sole PCSK9i 
prescriber in the area.

Several key items were developed ahead of the launch:
 ► A service guideline and clinic pathway to enable 

screening of referred patients against NICE criteria 
for PCSK9i initiation.

 ► Full guidance on statin intolerance and its manage-
ment, to ensure PCSK9i prescribing only for appro-
priate patients.

 ► A registry to collect response data and patients’ treat-
ment experiences.

Patient and public involvement
Prior research and feedback from patients attending 
our Post MI Medicines Optimisation clinic revealed the 
need for this service to fill a gap in lipid optimisation.17 
There was a high prevalence of statin intolerance among 
this population. We sought feedback from patients who 
attended this new service by sending them feedback 
surveys to complete and post back to us using a prepaid 
envelope. It was then up to the patient if they wanted 
to complete the survey and send back. Patients will be 
informed of the findings in public talks and also dissemi-
nation via newsletters.

The running of the clinic
Day- to- day clinic activities are led by independent phar-
macist prescribers (consultant cardiology pharmacist 
and advanced cardiology pharmacists), supported by 
a cardiology nurse and (recently) a pharmacy techni-
cian. Referrals can come from various secondary care 
departments, as well as primary care (figure 1). Referring 
physicians must provide the patient’s medical history 
(including a full lipid profile and any possible diagnosis 
of FH), lipid- lowering medicines prescribed, medicines 
intolerances, relevant comorbidities and the reasons for 
considering PCSK9i therapy. All patients are discussed 
by the clinic team; when necessary, the steering group 
can be contacted for further advice. Patients can also be 
discussed at biweekly multidisciplinary team meetings.

The service runs two clinics per week. Suitable patients 
are assessed using a person- centred approach to explore 
current and potential lipid medicines optimisation needs, 
and a decision is made on PCSK9i eligibility as per NICE 
guidelines.13 14

Patients deemed ineligible are provided with support 
to optimise therapy and adherence, and the impor-
tance of diet and lifestyle is emphasised. They are then 
discharged.

For PCSK9i- eligible patients, appropriate blood tests 
are undertaken at baseline (eg, full blood counts, full 
lipid profile, thyroid function tests, liver function tests 
and urea and electrolyte profiles). There is no preference 
for one PCSK9i over the other, except in cases of latex 
allergy, which rules out evolocumab. With alirocumab, a 
dose of 150 mg every 2 weeks is preferred, and the 75 mg 
dose is only used to address patient- related factors (eg, 
concerns about adverse events and reluctance to use a 
higher dose).

Figure 1 Multidisciplinary PCSK9is clinic: a schematic diagram of the overall model. GP, general practitioner; PCSK9is, 
proprotein convertase subtilisin/kexin type 9 inhibitors.
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Those who agree to try a PCSK9i are provided with 
education on the medicine, safe storage, administration 
(as an injectable drug) and disposal after use. Patients 
administer the first dose in clinic under healthcare 
supervision and a second is provided for home adminis-
tration 2 weeks later. All patients can call the clinic team 
directly, if needed. They are also followed up with at least 
two phone calls to check they are happy with the medi-
cine, ensure correct usage and discuss any side effects. A 
final decision is subsequently made by the patient and 
clinic team on whether to proceed with therapy. Only 
then are patients supplied with further doses. The clinic 
team takes a proactive role in arranging prescriptions 
and medicine deliveries. Clinic visits are offered at 3 
months and 6 months to evaluate response and address 
any adverse events or adherence issues. PCSK9i therapy 
is continued for as long as patients show a good response 
and are considered adherent.

Overall, the service takes a person- centred approach, 
providing full support to optimise adherence and reduce 
medicines wastage.

Impact of COVID-19 pandemic
During the pandemic, a revised method was adopted. 
Face- to- face clinics were replaced with telephone consul-
tations to assess eligibility and gather clinical histories. 
If suitable, a nurse visited the patient (in full personal 
protective equipment) to provide advice on drug admin-
istration. Follow- up calls remained in place and a review 
was performed at 3 months to assess response. Those 
already established on PCSK9i therapy were converted to 
telephone follow- ups.

Assessments
The present analysis is a retrospective review of data from 
the first 100 patients referred to the service between 
February 2017 and July 2018.

Baseline characteristics were recorded for all patients, 
including sex, age, source of referral, CVD status, lipid 
profile and lipid- lowering treatment history. Prescribing 
of PCSK9i therapy was documented, as well as the impact 
on full lipid profile at 3 months and 12 months. Other 
blood tests were included for the purpose of this study 
as mentioned earlier, including glycated haemoglobin 
(HbA1c) levels at baseline and at 12 months. Any patients 
that discontinued or moved away were also recorded.

When necessary, statin intolerance was assessed as per 
guidance from NICE and the Accelerated Access Collab-
orative (AAC): based on the presence of clinically signif-
icant adverse effects that represent an unacceptable risk 
to the patient or that may reduce compliance; or adverse 
events considered unacceptable by the patient and/or 
some laboratory abnormalities, both attributed to statin 
treatment and leading to its discontinuation.18 According 
to our protocol, the patient was also required to have 
tried at least two statins.

After their 3- month review, patients were asked to 
rate their experiences using an anonymous feedback 

questionnaire, which was posted out for completion in 
their own time.

Statistical analyses
Descriptive statistics are provided throughout, including 
mean, SD and range for continuous variables, and 
frequency and percentage for categorical variables. 
Paired t- tests were used to assess changes in mean LDL- C 
at 3 months and 12 months and HbA1c at 12 months. A 
two- tailed p value of <0.05 was considered to be statisti-
cally significant.

RESULTS
Referrals to the PCSK9i clinic
Among the first 100 patients referred, 62 (62%) were 
male and 38 (38%) were female; the mean age was 
62.9±10.5 years (range: 39–83 years) (table 2). The 
majority were referred by a cardiologist (n=68; 68%) or 

Table 2 Baseline characteristics of the first 100 patients 
referred

Characteristic Patients, n=100

Sex, n (%)

  Male
  Female

62 (62)
38 (38)

Age, years, mean (SD, range) 62.9 (10.5, 39–83)

Source of referral, n (%)

  Cardiologist
  Lipidologist
  GP
  Stroke physician

68 (68)
29 (29)
2 (2)
1 (1)

Patients with CVD, n (%) 80 (80)

  High risk*
  Very high risk*
  Patients without CVD, n (%)

42 (42)
35 (35)
20 (20)

FH, n (%) 21 (21)

Lipid profile, mmol/L, mean (SD, range)

  Total cholesterol
  LDL- C
  TG
  HDL- C

6.6 (1.9, 2.2–12.2)
4.0 (1.8, 0.7–9.8)
2.9 (1.7, 0.4–7.4)
1.4 (0.4, 0.7–2.4)

Statin status, n (%)

  Intolerant/some intolerance
  Tolerant
  Unknown

56 (56)
41 (41)
3 (3)

Lipid- lowering treatment, n (%)

  Atorvastatin
  Rosuvastatin
  Ezetimibe
  Statin and ezetimibe

33 (33)
39 (39)
28 (28)
36 (36)

*Based on criteria from the NICE.13 14

CVD, cardiovascular disease; FH, familial hypercholesterolaemia; 
GP, general practitioner; HDL, high- density lipoprotein- cholesterol; 
LDL- C, low- density lipoprotein- cholesterol; NICE, National 
Institute for Health and Care Excellence; TG, triglycerides.
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lipid clinic (n=29; 29%). Eighty patients (80%) had docu-
mented CVD. In total, 21 individuals (21%) had FH, 58 
(58%) had non- FH and 21 (21%) had possible FH based 
on Simon Broome Criteria,19 requiring further investiga-
tions. Mean total cholesterol was 6.6±1.9 mmol/L (range: 
2.2–12.2 mmol/L) and mean LDL- C was 4.0±1.8 mmol/L 
(range: 0.7–9.8 mmol/L).

Fifty- six patients (56%) were considered to have some 
degree of intolerance to at least one statin. On presenta-
tion, 33 patients (33%) were receiving atorvastatin and 
39 (39%) were on rosuvastatin, 36 (36%) were taking 
ezetimibe plus a statin (atorvastatin, n=11; rosuvastatin, 
n=18; pravastatin, n=2; and simvastatin, n=5) and 28 
(28%) were on ezetimibe monotherapy.

Patients eligible for PCSK9i
On review within the clinic, 52 patients (52%) were 
considered to be eligible for PCSK9i therapy based on 
NICE criteria (table 3).13 14 Four of the 52 patients (8%) 
declined due to fear of injectable medication or believing 
that use of injection was a marker of ‘advanced’ or ‘bad’ 
state; they were started on a statin. The remaining 48 
were initiated on PCSK9i therapy with either evolocumab 
(n=33/48; 69%) or alirocumab (150 mg dose, n=9/48 
(19%); 75 mg dose, n=6/48 (12%)). Of these, 36 (75%) 
were on a statin prior to starting PCSK9i therapy and 
continued this after initiation of a PCSK9i.

At 3 months, 2 patients on alirocumab 75 mg and 1 
on alirocumab 150 mg were started on ezetimibe due to 
poor response (LDL- C reduction <25%). The addition of 
ezetimibe produced mean reductions in LDL- C of >45%. 
One individual also had fenofibrate reinstated because 
triglyceride levels were increased. Although switching 
from alirocumab to evolocumab was an option for these 
patients, they preferred the addition of oral ezetimibe.

Seven of the 48 patients (15%) given a PCSK9i stopped 
treatment within the first year due to adverse events 

(n=5) or non- adherence (n=2). One person transferred 
to another centre.

Ineligible patients
The remaining 48 patients (48%) were considered inel-
igible for PCSK9i treatment (table 3). Twenty- five were 
already on a statin. Among these 48 individuals, 13 (27%) 
continued on the same therapy, 10 (21%) were started on 
ezetimibe (n=8 already on a statin and ezetimibe added 
and n=2 initiated as monotherapy) and 12 (25%) were 
started on a statin (rosuvastatin, n=11; and atorvastatin, 
n=1). Two patients (4%) already on statin therapy were 
switched to a more potent statin, and 1 (2%) had their 
dose doubled to optimise therapy. One patient (2%) 
declined pharmaceutical therapy and elected to modify 
their diet and increase exercise to lower cholesterol. A 
further 7 individuals (15%) were discharged because they 
were already medically optimised, and 2 (4%) declined 
further input.

Statin intolerance
Seventeen patients were identified as intolerant to statins. 
After visiting the clinic, 12 of these (71%) were initiated 
on a statin and tolerated it, while the remaining 5 (29%) 
either declined or had true statin intolerance.

Response to PCSK9i therapy
Of the 48 patients initiated on PCSK9i therapy, 40 
continued treatment for 12 months in our centre 
(table 4; figure 2). Mean total cholesterol decreased from 
7.7±1.6 mmol/L (range: 5.1–12.2 mmol/L) at baseline 
to 4.5±1.4 mmol/L (range: 2.4–7.7 mmol/L; 41% reduc-
tion) at 3 months, and to 4.3±1.2 mmol/L (range: 1.9–7.4 
mmol/L; 45% reduction from baseline) at 12 months. 
Similarly, mean LDL- C decreased from 5.0±1.6 mmol/L 
(range: 1.4–8.9 mmol/L) at baseline to 2.1±1.3 mmol/L 
(range: 0.5–5.2 mmol/L) at 3 months, and to 1.7±1.1 
mmol/L (range: 0.2–5.1 mmol/L) at 12 months. Thus, 
at 3 months, there was 58% reduction from baseline in 
LDL- C (p<0.0001), and at 12 months there was a 65% 
reduction from baseline in LDL- C (p<0.0001 vs baseline; 
p=0.0013 vs 3 months). Median LDL- C also decreased 
substantially, from 4.8 mmol/L at baseline to 1.6 mmol/L 
at 3 months and 12 months (67% reduction).

Among the 40 patients receiving 12 months of PCSK9i 
treatment, 25 were on a statin at the time of initiation 
and 15 were not. Reductions in LDL- C at 3 months were 
higher among those receiving combination therapy versus 
PCSK9i alone. In the combination group, mean LDL- C 
fell from 4.9±1.8 mmol/L (range: 1.4–9.8 mmol/L) at 
baseline to 1.7±1.4 mmol/L (range: 0.4–4.1 mmol/L) at 
3 months, representing a 65% reduction. By comparison, 
in patients initiated on PCSK9i without a statin, mean 
LDL- C decreased from 4.9±1.5 mmol/L (range: 2.4–8.9 
mmol/L) to 2.0±1.0 mmol/L (range: 0.5–4.9 mmol/L), 
equivalent to a 59% reduction.

Nineteen of the 40 (48%) patients on PCSK9i had 
FH (n=8 primary prevention and n=11 secondary 

Table 3 Prescribing based on review in the 
multidisciplinary PCSK9i clinic

Outcome Patients, N=100

Offered PCSK9i 52 (52)

  Initiated evolocumab
  Initiated alirocumab 150 mg
  Initiated alirocumab 75 mg
  Declined and started on a statin

33 (33)
9 (9)
6 (6)
4 (4)

Not offered PCSK9i 48 (48)

  Continued on the same therapy
  Started ezetimibe
  Started statin therapy
  Discharged
  Declined
  Changed statin
  Modified diet

13 (13)
10 (10)
12 (12)
7 (7)
2 (2)
3 (3)
1 (1)

Data are n (%).
PCSK9i, proprotein convertase subtilisin/kexin type 9 inhibitor.
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prevention) and 21 (52%) were non- FH (all secondary 
prevention). At 12 months, the mean reduction in LDL- C 
from baseline was 62% in the FH primary prevention 
group (from 6.0±1.1 mmol/L to 2.3±1.4 mmol/L), 66% 
in the FH secondary prevention group (from 5.9±2.6 
mmol/L to 2.0±1.3 mmol/L) and 71% in the non- FH 
secondary prevention group (from 4.4±0.8 mmol/Lto 
1.3±0.6 mmol/L).

Of the 48 patients initiated on PCSK9i treatment, 11 
(23%) had diabetes, 10 (21%) had pre- diabetes and 27 
(56%) did not have diabetes. Mean HbA1c levels were 
not significantly different between baseline (46.3±12.8 
mmol/mol) and 12 months (45.4±11.7 mmol/mol; 
p=0.46).

Meeting targets
Fifteen patients (79%) with FH (both primary and 
secondary prevention) met the NICE target of ≥50 reduc-
tion in LDL- C, and 19 (91%) of the patients with non- FH 
(secondary prevention) met the NICE target of >40% 
reduction in non- HDL- C. Patients who did not meet 

NICE targets were on PCSK9i monotherapy and declined 
the use of statins or ezetimibe due to a history of intoler-
ance.

With regard to ESC targets, 3 patients at high risk 
(37%) achieved an LDL- C reduction of ≥50% and 
LDL- C <1.8 mmol/L, and 15 patients at very high risk 
(40%) achieved an LDL- C reduction of ≥50% and 
LDL- C <1.4 mmol/L. Except for one patient, all those 
who did not meet the ESC targets were either on PCSK9i 
monotherapy or PCSK9i+ezetimibe (every other day or 
once weekly regimen). One patient was on alirocumab 75 
mg, ezetimibe and low- dose statin.

Safety
Among the 48 patients initiated on PCSK9is, most 
reported transient adverse events, including injection- 
site reactions (n=2/48; 4%), influenza- like symptoms 
(n=12/48; 25%), fatigue/lethargy (n=10/48; 21%) and 
musculoskeletal pain (n=4/48; 8%) (table 5). Six indi-
viduals (13%) reported transient nausea within the first 
month of treatment. All of these subsided for patients 
within the first 3 months of use and patients continued 
with therapy. Fourteen out of the 48 patients (29%) did 
not report having any transient side effects or any reac-
tion. As a result of possible minor treatment- related side 
effects (injection- site tenderness and lethargy), 2 indi-
viduals were switched from evolocumab to alirocumab 
75 mg and were able to continue therapy as side effects 
subsided.

Patient feedback
Feedback forms were provided to all patients who 
attended the clinic. Of the first 77 to attend, 31 completed 
the questionnaire (40% response rate) (table 6). Twenty- 
three respondents had been prescribed a PCSK9i.

Among those responding, 20/23 (87%) agreed or 
strongly agreed that the medicine was easy to administer, 
and 22/23 (96%) were happy with their PCSK9i and 
felt it fulfilled its purpose. Almost all (n=22/23; 96%) 
were satisfied with the information provided regarding 
storage, administration, disposal and possible side effects 
of PCSK9i.

Regardless of PCSK9i prescribing, 26/26 respondents 
(100%) agreed or strongly agreed that their medicine- 
related questions and concerns were addressed. Almost 
all respondents agreed or strongly agreed that: they 

Table 4 Lipid profile among PCSK9i- treated patients

Total cholesterol (mmol/L) LDL- C (mmol/L) TG (mmol/L) HDL- C (mmol/L)

Baseline 7.7 (1.6, 5.1–12.2) 5.0 (1.6, 1.4–8.9) 2.9 (1.7, 0.4–7.4)* 1.4 (0.3, 0.8–2.2)

3 months 4.5 (1.4, 2.4–7.7) 2.1 (1.3, 0.5–5.2) 2.3 (1.0, 0.8–5.6)* 1.4 (0.3, 0.9–2.1)

12 months 4.3 (1.2, 1.9–7.4) 1.7 (1.1, 0.2–5.1) 2.6 (1.1, 0.7–5.7)* 1.4 (0.3, 0.9–2.5)

N=40. Data are mean (SD, range).
*One patient was on fenofibrate, discontinuation of fenofibrate led to significant elevation of TG at 3 months and, therefore, fenofibrate was 
reinstated before the 12 months reading. This result was excluded from the graph.
HDL, high- density lipoprotein- cholesterol; LDL, low- density lipoprotein- cholesterol; PCSK9i, proprotein convertase subtilisin/kexin type 9 
inhibitor; TG, triglycerides.

Figure 2 Change from baseline in lipid profile among 
PCSK9i- treated patients. aOne patient was on fenofibrate, 
discontinuation of fenofibrate led to significant elevation of 
TG at 3 months and, therefore, fenofibrate was reinstated 
before the 12 months reading. This result was excluded 
from the graph. HDL- C, high- density lipoprotein- cholesterol; 
LDL, low- density lipoprotein- cholesterol; PCSK9i, proprotein 
convertase subtilisin/kexin type 9 inhibitor.
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were provided with clear plans and goals around their 
cholesterol- lowering medicines, any tests that they 
needed, and their health as a whole (n=28/29; 97%); 

after attending the clinic, they fully understood their 
cholesterol- lowering medicines and why they were 
prescribed (n=30/30; 100%); and they were confident 

Table 5 Adverse events with PCSK9is

All patients (N=48) Evolocumab (N=33) Alirocumab 150 mg (N=9) Alirocumab 75 mg (N=6)

Influenza- like symptoms 12 (25) 10 (30)* 1 (11) 1 (17)

Fatigue/lethargy 10 (21) 5 (15) 5 (56) 0 (0)

Nausea 6 (13) 4 (12) 2 (22) 0 (0)

Musculoskeletal pain 4 (8) 1 (3) 3 (33)† 0 (0)

Injection- site reaction 2 (4) 2 (6) 0 (0) 0 (0)

All data are n (%). All symptoms were transient and were reported within the first 3 months of initiation.
*Three patients discontinued due to influenza- like symptoms.
†Two patients discontinued due to musculoskeletal pain.
PCSK9is, proprotein convertase subtilisin/kexin type 9 inhibitors.

Table 6 Results from the anonymous feedback questionnaire

Strongly 
agree Agree Disagree

Strongly 
disagree

I was reluctant to use this medication because it was an injection (N=22) 0 (0) 1 (5) 8 (36) 13 (59)

I found the medication easy to administer (N=24) 13 (54) 7 (29) 1 (4) 3 (13)

This medicine fulfils its purpose and I am happy with it (N=23) 18 (78) 4 (17) 0 (0) 1 (4)

I found the nurse follow- up phone calls helpful and supportive (N=24) 19 (79) 5 (21) 0 (0) 0 (0)

I was satisfied with the information on storage, administration, disposal and possible 
side effects of the injection (N=23)

18 (78) 4 (17) 0 (0) 1 (4)

I was satisfied with the information on how to prepare for and inject the new 
medication (N=23)

18 (78) 5 (22) 0 (0) 0 (0)

All questions and concerns about my medicines were answered (N=26) 19 (73) 7 (27) 0 (0) 0 (0)

I felt reassured by the consultant cardiology pharmacist (N=28) 20 (71) 8 (29) 0 (0) 0 (0)

I felt involved in the discussion and any decisions made were in agreement with me 
(N=29)

20 (69) 9 (31) 0 (0) 0 (0)

I was given enough time in the clinic to cover all we needed to discuss (N=29) 20 (69) 9 (31) 0 (0) 0 (0)

The consultant seems to know important information about my medical history 
(N=29)

21 (72) 8 (28) 0 (0) 0 (0)

The consultant provided me with clear plans and goals about my cholesterol- 
lowering medicines, any tests I needed and my health as a whole (N=29)

19 (66) 9 (31) 1 (3) 0 (0)

After attending the clinic, I fully understand my cholesterol- lowering medicines and 
why they were prescribed (N=30)

22 (73) 8 (27) 0 (0) 0 (0)

After attending the clinic, I feel less concerned about my cholesterol- lowering 
medicines (N=29)

17 (59) 10 (34) 2 (7) 0 (0)

I feel confident about using the cholesterol lowering medicines provided (N=29) 22 (76) 6 (21) 0 (0) 1 (3)

Overall, I think this was a valuable clinic that I would recommend for patients with 
high cholesterol
(N=30)

26 (87) 4 (13) 0 (0) 0 (0)

I felt supported and listened to
(N=31)

24 (77) 7 (23) 0 (0) 0 (0)

I am satisfied that my cholesterol is now better than before attending the clinic 
(N=31)

23 (74) 4 (13) 4 (13) 0 (0)

  Very satisfied Satisfied Neutral Dissatisfied

Thinking of the overall service from this clinic, please rate your experience (N=31) 26 (84) 4 (13) 1 (3) 0 (0)

All data are n (%). Thirty- one individuals filled in the questionnaire, but they did not answer every question and hence N was <31 for some 
questions.
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about using the medicines provided (n=28/29; 97%). 
All respondents felt supported and listened to (n=31/31; 
100%), and found the clinic valuable (n=30/30; 100%). 
When asked to rate the overall service received, 30/31 
(97%) were satisfied or very satisfied.

DISCUSSION
We have developed a novel, person- centred, centralised, 
multidisciplinary clinic for the assessment and follow- up 
of patients potentially eligible for PCSK9i therapy. The 
model ensures that individuals are assessed by relevant 
specialists in secondary care, and only those meeting 
NICE criteria13 14 are initiated on a PCSK9i. Data from 
the first 100 patients suggest that the model is suitably 
discerning—only around half of those referred were ulti-
mately offered a PCSK9i.

Appropriate patient selection for PCSK9i treatment 
is particularly important given their high cost and the 
overall burden of education and monitoring. This aligns 
with current international guidelines from Europe2 and 
the USA,20 which advise restricting their use to appropri-
ately selected patients at high risk in order to optimise 
economic value. Once a PCSK9i is initiated at our centre, 
patient follow- up, monitoring and support are actively 
undertaken within the clinic framework. This may help 
to maximise benefit, bolster adherence and reduce medi-
cines wastage.

Access to PCSK9is has become a key priority in the UK 
after figures showed that initial uptake was disappointing: 
around 70% lower than expected over the first 2 years.21 
Recent Europe- wide data from the DA VINCI observa-
tional study also showed low use of PCSK9is, even though 
it was associated with increased achievement of LDL- C 
goals.22 This suggests that many patients are missing 
out on effective treatment. The UK AAC—which brings 
together the NHS, government and industry to remove 
barriers to the uptake of novel medicines—has selected 
PCSK9i treatment as a focus area.23 The role of the AAC 
is to facilitate increased adoption, optimised process 
development, and the generation of real- world data. The 
LTHT model supports these goals.

Specific barriers to PCSK9i use highlighted by the AAC 
include21 23: limited and inconsistent access pathways; lack 
of incentives and initiatives driving cholesterol manage-
ment; lack of routine recording of LDL- C levels required 
to initiate a PCSK9i; restricted prescribing, leading to long 
waiting times; and limited awareness among healthcare 
professionals of the unmet need that can be addressed 
with PCSK9is. Our model has the potential to address 
all of these barriers, and indeed has already successfully 
eradicated some within our centre.

The multidisciplinary nature of the service is valu-
able in allowing all relevant healthcare professionals to 
contribute to lipid management. Nonetheless, on a day- 
to- day basis, it is led by pharmacist prescribers (consultant 
and advanced), with consultant cardiologists and lipidol-
ogists available when needed. Respondents to the patient 

feedback questionnaire expressed no dissatisfaction 
with this arrangement. Importantly, the pharmacist- led 
model frees up time in cardiology and lipidology clinics, 
creating greater outpatient capacity. Pharmacist- led 
PCSK9i provision has previously been successfully imple-
mented at centres in the USA.24 25 The focus of these US 
pharmacy models was on screening for eligibility, recom-
mending alternative lipid- lowering therapies for ineli-
gible patients, facilitating insurance claims and delivery 
of PCSK9i supply. In our model, pharmacists reviewed 
patients in clinic, prescribed PCSK9i and other lipid- 
lowering therapies, monitored for safety and efficacy, 
and closely followed up patients to address concerns, 
support adherence and further optimise lipid- lowering 
therapy where needed; treatment response and patient 
satisfaction with the service were formally evaluated. We 
have also successfully deployed a similar pharmacist- led 
model of medicines optimisation in patients with post- 
myocardial infarction.26

Our real- world data suggest that PCSK9i therapy was 
effective, leading to large and sustained reductions 
in total and LDL- C. In patients treated for 12 months, 
mean LDL- C levels fell from 5.0 mmol/L to 2.1 mmol/L, 
substantially closer to the target levels proposed in 
international guidelines.2 Furthermore, with regard to 
NICE targets, 79% of patients with FH (both primary 
and secondary prevention) achieved a ≥50% reduction 
in LDL- C, and 91% of patients with non- FH (secondary 
prevention) attained a >40% reduction in non- HDL- C. 
Achievement of ESC targets was somewhat lower (37% 
in patients at high risk and 40% in patients at very high 
risk) demonstrating that these are more challenging to 
achieve. Patients who could not meet either NICE or ESC 
targets were mainly on PCSK9i monotherapy. These find-
ings show that meeting NICE and ESC targets requires the 
use of multiple lipid lowering therapies concomitantly.

There were no major safety concerns with PCSK9i 
therapy, and <10% of patients experienced (transient) 
musculoskeletal pain even though some had experienced 
such symptoms with prior statin therapy. This aligns with 
data from the GAUSS- 3 trial, which showed modest rates 
of musculoskeletal AEs—and very few resulting discon-
tinuations (<1%)—in patients with muscle- related statin 
intolerance who were then initiated on evolocumab.27

Our clinic also offers medicines optimisation and 
adherence support in PCSK9i- ineligible patients. This 
includes issues around statin intolerance, and many indi-
viduals were able to restart statin therapy having previ-
ously been considered intolerant. There are data to 
suggest that stopping and then re- initiating statins can 
result in improved tolerance. For example, in a study 
of 11 124 patients in whom statins were discontinued 
at least temporarily because of clinical events or symp-
toms believed to have been caused by statin use, 92% of 
those who were rechallenged were still taking a statin 12 
months after the initial event.8

Overall patient satisfaction with the clinic model and 
PCSK9i therapy was high. Questionnaire respondents 
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who initiated a PCSK9i were almost all happy with the 
drug and felt that it fulfilled its purpose. Furthermore, 
irrespective of PCSK9i prescribing, clinic attendees 
agreed that they felt listened to, were provided with clear 
lipid- lowering plans, and would recommend the service 
to others. The clinic model aligns with local and inter-
national guidance on person- centred care and shared 
decision- making.28 29

Our model was considered to be cost effective by the 
commissioners for multiple reasons:

 ► The prescribing of PCSK9i in secondary care under 
the patient access scheme (as per NICE13 14) provided 
a discount on the cost of PCSK9i injections.

 ► It reduced wastage of PCSK9i by providing limited 
supply and following patients regularly.

 ► The service supported improved adherence to 
PCSK9i (although there is potential for adherence to 
decrease in the long term).

 ► It improved the lipid management of patients who 
were not eligible for PCSK9i, thus providing addi-
tional lipid- lowering benefit.

 ► Overall, the service succeeded in lowering LDL- C 
among PCSK9i- treated patients by an average of 
around 3 mmol/L. If these reductions are main-
tained, they would be expected to bring important 
clinical benefits, with a stepwise decrease in ather-
osclerotic CVD risk as LDL- C is reduced. Indeed, it 
has been estimated that each 1 mmol/L reduction in 
LDL- C is associated with a 22% relative risk reduction 
for major vascular events.30

 ► Because the NICE threshold for initiating PCSK9i is 
higher (our patients had a mean baseline LDL- C of 
5.0±1.6 mmol/L), we would expect favourable cost 
effectiveness based on the findings of the ODYSSEY 
OUTCOMES cost- effectiveness analysis for PCSK9i, 
which found it to be cost effective in patients with an 
LDL- C ≥2.6 mmol/L.31

We should acknowledge the limitations of this study. 
The sample size was small and only around half were 
offered PCSK9i, so care should be taken in extrapolating 
to larger populations. Furthermore, the study design was 
retrospective and had no comparator arm. A prospec-
tive, randomised controlled trial would be valuable. In 
addition, not all patients completed the feedback ques-
tionnaire and those that did so may have been somewhat 
self- selecting for greater satisfaction with the service. 
Nonetheless, the response rate was acceptable and the 
questionnaire results align with wider anecdotal opinions.

Overall, the data suggest that our innovative, 
centralised, pharmacist- led, multidisciplinary clinic can 
be successfully employed to select patients for PCSK9i 
therapy—and drive long- term monitoring, adherence 
and ultimately LDL- C lowering. Importantly, the service 
also addresses statin intolerance and provides appro-
priate medicines optimisation and adherence assistance 
even in PCSK9i- ineligible patients. The model is flexible 
enough to allow the introduction of other novel medica-
tions for cholesterol lowering, and this is now happening 

following the recent incorporation of bempedoic acid 
and inclisiran into the clinical pathway. These new agents 
have been shown to significantly reduce LDL- C,32 but 
outcomes data have not yet been reported.

In line with the goals of the AAC, our model could be 
duplicated elsewhere in the country to support better 
uptake and optimisation of PCSK9is and other novel 
treatments.
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