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Abstract

Homozygous familial hypercholesterolaemia (FH) is a rare genetic disorder with aberrantly high
level of low-density lipoprotein cholesterol (LDL-C) requiring multiple combined aggressive lipid-
lowering therapy to reduce the progression of atherosclerotic cardiovascular disease. Alirocumab,
a proprotein convertase subtilisin/kexin type 9 inhibitor (PCSK9i) has been approved for treatment
of FH, which requires further lowering of LDL-C in addition to diet modification and maximally
tolerated statin therapy. We report the response of short-term alirocumab treatment on a young patient
with clinically and genetically confirmed FH, who suffered from acute coronary syndrome, and in
particular, discussed the hypothesised legacy effect of PCSK9i. The patient was initially treated
with a combination of high-intensity statin and ezetimibe for 12 weeks. Subsequently, alirocumab
was added to the patient’s lipid-lowering regime and he managed to attain guideline recommended
LDL-C target within 10 weeks. However, alirocumab was stopped at week 54 due to financial
constraint. Interestingly, despite cessation of PCSK9i therapy for a period of 30 weeks, the patient’s
LDL-C level rose slightly not returning to his baseline level.
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INTRODUCTION risk and are required to attain a guideline
recommended LDL-C level below 1.8 mmol/L #
However, statin alone is not sufficient to achieve
LDL-C target in patients with very high serum
levels of LDL-C including homozygous FH
patients even in combination with ezetimibe,

Familial hypercholesterolaemia (FH) is rare
in Malaysia with a prevalence of 1 in 500
for Heterozygous FH and 1 in a million for
Homozygous FH." With a population of 32

mil}iqn in Malaysia, it is estimated that 6‘}’090 a cholesterol absorption inhibitor.’ Proprotein
individuals may be affected arzld the majority ;o vertase subtilisin/kexin type 9 inhibitor
pf them are still undiagnosed.? Untreated FH (PCSKOi) has been approved in 2015 by United
1S an important cause for premature coronary  ggates Food and Drug Administration for
a.rtery.dlsease. Untreated patients have a IQO treatment of FH, which require further lowering
times increased risk of cardiovascular mortality ¢ [ DI._C in addition to diet modification and
resulting from acute coronary syndrorpe (ACS)” maximally tolerated statin therapy.® We report
The treatm§ nt mc}uc}es llpld—lgwerlng agents the response of short-term alirocumab treatment
SI,JCh as statin, ezetimibe, bile aCId. sequestrants, 5 young patient with clinically and genetically
nicotinic acid, and fibrates. Statins have been ., 611ed FH. who suffered from ACS. and
effective in reducing low-density lipoprotein  giscygs in particular, the hypothesised legacy
cholesterol (LDL-C) level and improving  offect of PCSKO9i. In the context of medicine,
cardiovascular mortality. FH patients with ACS the “legacy effect’ is defined as a phenomenon

are considered at a very high cardiovascular of continuous beneficial effect of the intensive
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control on disease outcomes or complications
even after a long duration of cessation of the
intervention.’

CASE REPORT

The patient was a 25-year-old Malay gentleman,
a non-smoker who presented with sudden onset
of typical retrosternal chest pain while sleeping.
He had a body mass index of 22kg/m? with
tendon xanthomata and no corneal arcus. His
electrocardiogram showed ST-segment elevation
over the anterior leads. Coronary angiogram
revealed critical left anterior descending
artery stenosis and he underwent percutaneous
coronary intervention successfully (Figure 1).
Family history was significant for first degree
relatives with ischaemic heart disease and
hypercholesterolaemia (Figure 2). His initial
serum lipids (in mmol/L) were as follows:
total cholesterol (TC) 14.1, LDL-C 12.5, high-
density lipoprotein cholesterol (HDL-C) 1.2
and triglyceride (TG) 1.0. He was clinically
diagnosed with FH based on Japan FH diagnostic
criteria, Simon Broome and FH Dutch Lipid
Clinic criteria. Further molecular confirmation
by targeted next-generation sequencing was
carried out. TruSeq Custom Amplicon kit
was used to prepare the DNA library. MiSeq
sequencer (Illumina, CA, USA) was used to
run the sequencing. The sequencing analysis
confirmed that the patient carried a novel
homozygous LDL receptor (LDLR) frameshift
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mutation (¢.2553_2556delGATGinsTCT), which
was predicted as a disease-causing variant by
Mutation Taster.

He was treated with rosuvastatin 40 mg
once daily and ezetimibe 10 mg once daily. At
12 weeks, his LDL-C reduced to 7.0 mmol/L.
Alirocumab 75 mg every 2 weeks was added to
his medication regime. His LDL-C continued to
show marked reduction over time (Figure 3).
At 40 weeks, his LDL-C was 1.6 mmol/L.
Unfortunately, alirocumab was stopped due
to financial constraint at week 54. His LDL-C
rose to 3.0 mmol/L (87% increment) at week
56. Interestingly, his LDL-C remained at 3.3
mmol/L up to week 84 (30 weeks after stopping
alirocumab) while being only on statin and
ezetimibe. There were no major cardiovascular
events or side effects to treatment reported during
the follow up period.

DISCUSSION

PCSKO9i have been demonstrated to be effective
in lowering LDL-C in homozygous FH patients,
as long as the patient is not carrying a null
homozygous LDLR variant.®® The identified
frameshift variant ¢.2553_2556delGATGinsTCT
results in loss of stop codon causing LDLR
protein elongation at codon 851 - 862."° Since
the mutation occurred in the last exon (exon 18)
of LDLR, the variant is probably pathogenic
but unlikely to cause the production of non-
functional LDLR.!" Thus, PCSK9i was still an

FIG. 1: Coronary angiogram (left) showing critical proximal left anterior descending artery stenosis and post
percutaneous coronary intervention (right).
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FIG. 2: Index patient pedigree chart.

effective treatment for this homozygous FH
patient.

The combined multiple lipid-lowering regime
in this patient was shown to effectively reduce
LDL-C level up to 87% from the baseline,
achieving the guideline target of less than 1.8
mmol/L. The initial use of combined rosuvastatin
and ezetimibe had resulted in 50% reduction in
LDL-C level over a 3-month period. This result
is comparable to EXPLORER study, which
looks at the efficacy of rosuvastatin 40 mg
monotherapy or in combination with ezetimibe in
patients with clinical evidence of atherosclerosis.

There were significantly greater percentage in
LDL-C reduction achieved with combination
therapy than monotherapy (mean percentage
decrease 69.8% vs 57.1%, p <0.001)."> The
addition of alirocumab at this stage resulted in
a rapid reduction in LDL-C level of 50% over a
2-month period. Alirocumab was investigated in
three phase II trials that included patients with
background statin therapy or the combination
of statin plus ezetimibe. These studies revealed
a reduction of LDL-C levels beyond 70% in
alirocumab treated patients.!*!
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FIG. 3: Index patient LDL-C level (mmol/L) over time according to lipid modifying therapy regimens.
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Despite stopping alirocumab for a period of 30
weeks, there was only a LDL-C level increment,
which did not return to his baseline level as
when treated with only statin and ezetimibe.
The LDL-C level (in mmol/L) determined in
this patient was estimated from the Friedewald
equation where LDL-C equals to TC minus
HDL-C minus TG/2.2. Thus, a reference change
value (RCV) for a calculated LDL-C could not
be determined. RCV for a direct LDL-C level
measurement was estimated to be 19-25%.'6"7
Based on this RCV, the initial 87% increment
of LDL-C level seen immediately after stopping
PCK9i was significant. However, the subsequent
10% increment at week 84 was insignificant
implying that LDL-C level remained at a plateau
with statin and ezetimibe. This observation is
similar to the ODYSSEY Outcome trial, which
enrolled 18000 patients with recent ACS who
were on high-intensity statin for at least 2 weeks
with LDL-C of more than 1.8 mmol/L. At a
mean follow-up of 3.3 years, there was a 15%
relative risk reduction in the primary composite
endpoint of coronary heart disease death, non-
fatal myocardial infarction, ischaemic stroke
or unstable angina requiring hospitalisation.
Intention-to-treat analysis in that study, which
included 14.2% of premature discontinuation
in the treatment arm showed a non-significant
slightly higher endpoint mean LDL-C of 1.7
mmol/L. compared to on-treatment analysis of
1.4 mmol/L."®

Alirocumab (approximate molecular weight
of 146kDa), a human monoclonal antibody
(IgG1) targets PCSK9 at a dose of 75-150 mg
subcutaneously once every two weeks, has the
onset of action in 4-6 hours and elimination
half-life is usually 17-20 days. It undergoes
proteolysis in many tissues to form polypeptides
and amino acids."” This pharmacodynamics
property alone would not explain the mechanism
underlying the prolonged effect of lipid lowering
beyond stopping the alirocumab as observed.
The complex role of PCSK9 in cholesterol
metabolism may be the underlying mechanism
of this observed effect.”” However, evidence to
describe persistent lipid lowering effect beyond
discontinuation of PCSK9i therapy is lacking.

Plaque regression and stabilisation are another
benefit of lipid-lowering therapy especially
statins. It follows a linear relation to the achieved
LDL-C and is thought to play a significant role
in persistent cardiovascular event reduction
in post-trial follow-up.?! Such a legacy effect
was reported in the WOSCOPS study in which
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patients receiving 5 years of statin therapy
continued to have significantly reduced mortality
15 years after the trial was completed.?? PCSK9i
offering a more robust and persistent LDL-C
lowering could provide a more profound legacy
effect, such that uninterrupted life-long therapy
with PCSK9i may not be required. A shorter-
term very aggressive LDL-C reduction therapy
with PCSKO9i and subsequent maintenance with
statins and/or ezetimibe could be sufficient for
long term reduction of LDL-C levels and adverse
cardiovascular risk as proposed by Robinson et
al.*! However, testing this paradigm will require
evidence from a range of sources, extended
observation of clinical trial cohorts, new imaging
studies based on profound LDL lowering and
biomarker development.

CONCLUSION

Alirocumab effectively reduced LDL-C up to
87% and has a synergistic effect with statins
and ezetimibe in this genetically confirmed
homozygous FH patient with ACS. Despite
the short-term use of PCSKOi, there was a
prolonged effect of lipid lowering up to 30
weeks with no major adverse cardiovascular
events in the long term. Thus, early intensive
control of hypercholesterolaemia with PCSK9i
have continuous beneficial effect even after a
long cessation of this intervention.
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