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Muscle-Related Adverse Events Associated
With PCSKO9 Inhibitors in a Veteran Population
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Background: Statins and PCSK9 inhibitors (PCSK9i) are
used to lower low-density lipoprotein cholesterol and reduce
cardiovascular events, yet some patients are unable to tolerate
statin therapy due to muscle-related adverse events (AEs). The
effect of PCSK9i on muscle-related AEs is not well studied,
and available data show inconsistent incidence rates.

Methods: The primary study outcome was to determine
the percentage of patients who developed muscle-related
PCSK9i AEs. A secondary outcome was to analyze data
based on 4 subgroups: tolerated a full PCSK9i dose; tolerated
alternative PCSKO9i following initial intolerance; required a
PCSK9i dose reduction, or discontinued PCSK9i. In addition,
the percentage of statin- and/or ezetimibe-intolerant patients
in these 4 groups was determined. Another secondary
outcome was the management strategies taken for patients
who were on a reduced (monthly) dose of PCSK9i who did
not reach their low-density lipoprotein cholesterol goal.
Statin intolerance was defined as intolerable skeletal muscle

AEs on at least 3 different statins. We conducted a single-
center, retrospective review of patients prescribed a PCSKO9i
between December 1, 2017, and September 1, 2021, at a
patient aligned care team clinic at the Wilkes-Barre Veterans
Affairs Medical Center.

Results: The study included 137 veterans. Twenty-four
patients (17.5%) developed a muscle-related AE while on a
PCSKO9i. In predefined subgroups studied, statin intolerance
ranged from 68.1% to 100%, ezetimibe intolerance ranged
from 41.6% to 83.3%, and both statin and ezetimibe
intolerance ranged from 36.3% to 83.3%.

Conclusions: In this study, muscle-related PCSK9i AEs
occurred at a similar incidence rate to that reported in previous
clinical trials and exceeded the incidence rate reported in the
prescribing information for alirocumab and evolocumab. It
also appears that patients who have a prior muscle-related
intolerance to a statin and/or ezetimibe have a higher likelihood
of developing a muscle-related AE to a PCSKOi.
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MG-CoA reductase inhibitors

(statins) have been shown to effec-

tively reduce low-density lipoprotein
cholesterol (LDL-C) as well as morbid-
ity and mortality in patients who have ei-
ther atherosclerotic cardiovascular disease
(ASCVD) or risk factors for ASCVD. 12
However, research shows that up to 20% of
patients are unable to tolerate statin ther-
apy due to muscle-related adverse events
(AEs)." This presents a substantial clinical
challenge, as current management strategies
for patients with statin-associated muscle
symptoms, such as intermittent administra-
tion of statins and ezetimibe, seldom achieve
the > 50% LDL-C reduction recommended
by the 2018 American Heart Association/
American College of Cardiology Clinical
Practice Guidelines.'* Additionally, statin-
intolerant patients who have antihyperlipid-
emic medication lowered or discontinued are
at an increased risk of future cardiovascular
events."” Observational data also show that
about 70% of adult patients (primarily with
genetic lipid disorders such as heterozygous
familial hypercholesterolemia) do not achieve
an LDL-C level < 100 mg/dL despite treat-
ment with maximum doses of statins with or
without ezetimibe.'®"7
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PCSK9 inhibitors (PCSK9i) have robust
efficacy data to support use in patients who
do not meet their LDL-C goal despite max-
imally tolerated lipid therapy.'* However,
long-term safety data for PCSK9i are not as
robust as its efficacy data. Specifically, safety
data relating to muscle-related AEs, which
are the most widely recognized AE associ-
ated with statins, have only been reported
in a few clinical trials with varying inci-
dence rates, levels of significance, and rela-
tively small study populations. Furthermore,
the real-world prevalence of muscle-related
PCSK9i AEs is unknown. Clinical guidance
for management strategies for muscle-related
AFEs associated with PCSKOi is largely lack-
ing. For this study, muscle-related AEs were
defined as any new or unusual muscle sore-
ness, weakness, cramping, aches, and stiff-
ness that persists, is generally bilateral, and
typically affects the large muscles. It is im-
portant to note, that muscle-related AEs as-
sociated with statins, ezetimibe, and PCSK9i
can be attributed to the nocebo effect.

According to the prescribing infor-
mation for alirocumab and evolocumab,
myalgia, muscle spasms, and musculo-
skeletal pain each occurred in < 5% of the
study populations.'®!® From these data,
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TABLE Patients With Medication Intolerance Endpoints

Medication Tolerated full PCSK9i  Tolerated alternate PCSKO9i dose Discontinued
Intolerances dose (n=113) PCSKO9i (n = 4) reduced (n=16) PCSKO9i (n = 6)
Statin, No. (%) 77 (68.1) 3 (75) 15 (93.8) 6 (100)
Ezetimibe, No. (%) 47 (41.6) 2 (50) 11 (68.8) 5 (83.3)
Statin + ezetimibe, No. (%) 41 (36.3) 2 (50) 10 (62.5) 5(83.3)

Abbreviation: PCSK9i, PCSK9 inhibitors.

muscle-related PCSK9i AEs are thought to
be relatively rare, based on the ODYSSEY-
OUTCOME and FOURIER trials, which
did not enroll statin-intolerant patients.*®*!
However, currently available safety data
from 3 small, randomized clinical trials spe-
cifically in statin-intolerant patients tak-
ing a PCSKO9i suggest that muscle-related
AEs occur at a rate of 12.2% to 32.5% and
discontinuation rates varied from 0% to
15.9%.7*% As the incidence rates of muscle-
related AEs in the prescribing information
and clinical trials varied widely, this study
will provide quantitative data on the percent-
age of patients that developed muscle-related
PCSKOi AFEs in a veteran population to help
shed light on a topic that is not well studied.

METHODS

This was a single-center, retrospective chart
review of patients prescribed a PCSK9i be-
tween December 1, 2017, and September
1, 2021, and were managed in a pharmacy-
led patient aligned care team (PACT) clinic
at the Wilkes-Barre US Department of Vet-
erans Affairs (VA) Medical Center (WB-
VAMC) in Pennsylvania. This study was
approved by the Coatesville VA Medical
Center Institutional Review Board, which
oversees research conducted at WBVAMC.
Veterans aged 2 18 years were included in
the study. Patients were excluded if they
had a history of serious hypersensitivity re-
action to a PCSK9i or rhabdomyolysis or
did not meet the VA criteria for use.?

The primary outcome was the percentage
of patients who developed a muscle-related
AE while on a PCSK9i in a PACT clinic. Data
were further analyzed based on patients who
(1) tolerated a full PCSKO9i dose; (2) tolerated
alternative PCSK9i following initial intoler-
ance; (3) required a PCSK9i dose reduction,
or (4) discontinued PCSK9i. A secondary
outcome was the percentage of statin- and/
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or ezetimibe-intolerant patients in these
4 groups. Another secondary outcome was
the management strategies taken for patients
who were on a reduced (monthly) dose of
PCSK9i who did not reach their LDL-C goal.
Management strategies that were assessed
included restarting weekly statin, restart-
ing weekly ezetimibe, increasing the dose of
the same PCSK9i administered monthly, and
switching to an alternative PCSKOi.

Data were collected using the VA Com-
puterized Patient Record System (CPRS)
and stored in a secure, locked spreadsheet.
Baseline patient demographic character-
istics collected included age (at PCSK9i
start); sex; race; and PCSK9i name, dose,
and frequency. We recorded when a patient
switched PCSKO9i, whether or not it was
due to a muscle-related AE, and the name
of the original PCSK9i. Also collected were
lipid therapy intolerances prior to PCSKOi
initiation (ie, intolerance to statin, ezeti-
mibe, or both).

Patients were considered statin intoler-
ant due to a muscle-related AE in accor-
dance with the VA PCSKOi Criteria for Use,
which requires trial of at least 3 statins, one
of which was trialed at the lowest dosage ap-
proved by the US Food and Drug Admin-
istration (FDA) and resulted in intolerable
skeletal muscle AEs that worsened during
treatment and resolved when the statin was
stopped. For our study purposes, patients
taking alternative day dosing of statins due to
muscle-related AEs (ie, 2- or 3-times weekly
dosing) were not considered statin intoler-
ant; however, patients taking once-weekly
statin dosing were considered statin intoler-
ant. Patients were considered ezetimibe in-
tolerant due to a muscle-related AE if the
intolerance was due to skeletal muscle con-
cerns that worsened during treatment and re-
solved when ezetimibe was stopped. Patients
were considered PCSKOi intolerant due to a
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FIGURE Patient Enroliment and Population

156 Patients charts reviewed

137 Patients included

19 Patients excluded

14 Patients not managed in a PACT clinic
5 Patients not taking any doses of PCSK9i

Abbreviations: PACT, patient aligned care team; PCSK9i, PCSK9 inhibitors.

muscle-related AE if the intolerance was due
to skeletal muscle concerns that worsened
during treatment and resolved when the
PCSK9i was stopped. Patients with non—
muscle-related intolerances to statins, ezet-
imibe, and PCSK9i were not considered
statin, ezetimibe, and PCSK9i intolerant.

Alirocumab was initiated at 75 mg sub-
cutaneous (SQ) once every 2 weeks or evo-
locumab 140 mg SQ once every 2 weeks in
our study. The protocol allowed for a dose
reduction of alirocumab 75 mg SQ once
monthly if a patient experienced AEs, but
this dose reduction strategy was not used for
any patients on evolocumab in this study. Of
note, alirocumab 75 mg SQ once monthly is
not an FDA-approved dosing strategy. How-
ever, it is similar in concept to the alternative
statin dosing (ie, alternate day dosing, once-
weekly dosing) and may avoid the need to
discontinue PCSKO9i therapy altogether.

A review of the CPRS also documented
whether a muscle-related AE occurred while
the patient was on a PCSKOYi (if yes, the spe-
cific AE was recorded), the result of PCSK9i
therapy (tolerated full dose, required a dose
reduction, switched medication, or discon-
tinued), and management strategies taken
for patients who did not meet their LDL-C
goal while on a reduced (monthly) PCSK9i
dose. Prior lipid therapy intolerances,
PCSKO9i-related AEs, results of PCSK9i ther-
apy, and management strategies for patients
who did not meet LDL-C goal while on a
reduced PCSK9i dose were obtained by re-
viewing the PACT pharmacist’s clinic notes
and assessment, along with clinic notes and
medication history listed within the CPRS.

Statistical Analysis

Descriptive statistics were used for the de-
mographic characteristics of study patients.
The primary outcome was calculated as a
binary measure (yes/no) of whether the pa-
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tient developed a muscle-related AE while
on a PCSK9i. The secondary outcome of
statin, ezetimibe, or statin and ezetimibe in-
tolerances in subgroups also was calculated
as a binary measure.

RESULTS

For the study, 156 charts were reviewed and
137 patients were included (Figure). Nine-
teen patients were excluded; 14 were not
managed in a PACT clinic and 5 were not
taking any doses of the PCSKOi during the
time of the review. The mean (SD) patient
age at PCSKOi initiation was 68 (8) years.
Most patients were male (n = 131, 95.6%),
129 (94.2%) were White veterans, and
132 (96.4%) were prescribed alirocumab at
baseline. We found that 24 patients (17.5%)
developed a muscle-related AE while on a
PCSKOi.

For the secondary results, 4 patients
(2.9%) tolerated an alternate PCSKOi (evo-
locumab 140 mg SQ every 2 weeks) after
initial intolerance to PCSK9i, 16 (11.7%) re-
quired a dose reduction, and 6 (4.4%) dis-
continued PCSKOi due to a muscle-related
AE. Two patients had their PCSK9i reduced
to monthly dosing and then later switched
and tolerated an alternate PCSK9i due to not
meeting their LDL-C goal. These patients
were accounted for twice in the categories
above (Table).

Statin intolerance was most common in
all groups, followed by ezetimibe intolerance,
and intolerance to statins + ezetimibe. Of
the 113 patients who tolerated a full dose of
PCSKOi, 77 (68.1%) had intolerance to statin,
47 (41.6%) to ezetimibe, and 41 (36.3%) to
both statins and ezetimibe. Of the 6 patients
who discontinued PCSK9i, all had intoler-
ance to statins, 5 (83.3%) to ezetimibe, and
5 (83.3%) to statins and ezetimibe.

For patients who were on a reduced
(monthly) dose of a PCSK9i who did not
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reach their LDL-C goal, we found that 16
patients (11.7%) required a PCSK9i dose
reduction following muscle-related AEs.
Of the patients who had their dose of PC-
SKOi reduced to monthly dosing, 5 (31%)
met their LDL-C goal. For the 11 patients
who did not meet their LDL-C goal, differ-
ent management strategies were taken. Life-
style modifications were made in 6 patients
(54%), the monthly PCSK9i dose was in-
creased to alirocumab 150 mg SQ monthly
in 4 patients (36%), and 1 patient (9.1%)
was switched to an alternative PCSK9i. There
were no identified muscle-related AEs re-
corded in patients whose dose was increased
to alirocumab 150 mg SQ monthly.

DISCUSSION

This retrospective study found 17.5% of pa-
tients experienced muscle-related PCSKO9i
AEs. These occurred at a higher rate than
reported in the prescribing information
(< 5%) and were similar to the incidence
rates reported in the GAUSS-2, GAUSS-3,
and ODYSSEY-ALTERNATIVE clinical tri-
als (12.0%-32.5%), which is what we hy-
pothesized.'®1%>2> Tt is important to note
that the incidence rates of muscle-related
AEs reported in the prescribing information
for alirocumab and evolocumab were based
on trials that did not include statin- and/
or ezetimibe-intolerant patients; whereas
many patients in our study and patients in
the clinical trials were statin and/or ezeti-
mibe intolerant.

Additionally, a new study by Donald and
colleagues found an incidence rate of 32%
to 36% for muscle-related PCSK9i AEs.*
Collectively, the data from clinical trials and
our study indicate that patients with prior
intolerances to statin and/or ezetimibe ap-
pear to have a higher likelihood of devel-
oping a muscle-related PCSK9i intolerance.
In our study, 23 of 24 patients who devel-
oped a muscle-related PCSK9i AE had a
prior history of statin and/or ezetimibe in-
tolerances. This should alert clinicians pre-
scribing PCSKOi in patients with a history
of statin and/or ezetimibe intolerance to
counsel their patients on the possibility of
muscle-related PCSK9i AEs and manage-
ment strategies. However, it is important to
note that there was a substantial number of
patients in our study who were statin and/
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or ezetimibe intolerant due to a prior mus-
cle-related AE who tolerated the full dose of
PCSKOi.

To our knowledge, this was the first trial
to evaluate muscle-related PCSK9i AEs in a
veteran population. Additionally, our study
appears to be the first to use 2 PCSK9i dos-
ing strategies that are not FDA approved:
Dose reduction for patients who experienced
a muscle-related AE on alirocumab 75 mg
SQ every 2 weeks and dose escalation for pa-
tients who did not meet their LDL-C goal
on alirocumab 75 mg SQ monthly follow-
ing an initial intolerance to 2-week dosing.
The dose-reduction strategy allowed patients
who experienced a muscle-related AE to ali-
rocumab 75 mg to reduce administration
from every 2 weeks to monthly.

This strategy was only performed with ali-
rocumab, the preferred PCSK9i at WBVAMC,
but the same dose-reduction strategy can the-
oretically be used with evolocumab as well.
Reduced monthly dosing of alirocumab al-
lowed patients with a prior intolerance to
remain on a lower dosage without discontin-
uation. This is important because as noted by
Myers and colleagues, individuals without ac-
cess to PCSKO9i were found to have a signifi-
cantly higher incidence ratio of cardiovascular
events compared with those taking PCSK9i.">
Also of note, > 30% of patients on the re-
duced monthly dose of alirocumab still met
their LDL-C goal. Therefore, using this dose-
reduction strategy (instead of patients dis-
continuing therapy altogether due to a mus-
cle-related intolerance) can lessen the risk of
major adverse cardiovascular events (MACE)
as well as mitigate muscle-related AEs that
occurred while on 2-week PCSK9i dosing
regimens. While we acknowledge that this re-
duced monthly dose of either alirocumab or
evolocumab is not FDA approved, it is simi-
lar to alternative statin dosing that also is not
FDA approved but may minimize the need to
discontinue PCSKOi therapy. It would be ben-
eficial if these dosing strategies were investi-
gated by future research.

The dose-escalation strategy for patients
who did not meet their LDL-C goal while
on the reduced, monthly dose of alirocumab
also was unique. Alirocumab was increased
from 75 mg SQ once monthly to 150 mg SQ
once monthly. Interestingly, we found that
through the end of the chart review period,

Statin Therapy
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all patients tolerated the increase well, de-
spite having an initial muscle-related AE
to alirocumab 75 mg every 2 weeks, which
is the same total monthly dosage. This ap-
proach is similar to that of once-weekly
statin dosing or a drug holiday and may be
explained by the long half-life of PCSK9i.
Regardless of the mechanism, this finding
suggests that an increased monthly dose of
PCSKOi is a potential alternative for patients
who cannot tolerate the FDA-approved dose.
However, the ability for patients to achieve
goal LDL-C on the monthly dosage requires
future study.

In our study, only 6 patients (4.4%) dis-
continued PCSKO9i therapy. This low discon-
tinuation rate is largely attributable to our
unique study design, which allowed for a
dose reduction in patients who experienced
muscle-related AEs. The earlier ODYSSEY-
ALTERNATIVE trial evaluated the safety and
efficacy of alirocumab compared with ezet-
imibe in confirmed statin-intolerant sub-
jects after 24 weeks. This trial did not use a
dose-reduction strategy and found 15.9% of
patients discontinued alirocumab due to a
muscle-related AE.** This is notably higher
than our discontinuation rate of 4.4%. If pa-
tients with a muscle-related AE discontinued
PCKS9i instead of reducing the dose, they
would likely return to their baseline LDL-C,
which would increase the risk of MACE.

In general, myalgias due to antihyperlip-
idemic medications are not completely un-
derstood. One possible mechanism for
statin-induced myalgias is the depletion of
ubiquinone. However, this theory cannot
explain muscle-related AEs associated with
PCSKO9i or ezetimibe, which have not been
shown to deplete ubiquinone. We also found
that the onset of muscle-related AEs asso-
ciated with PCSKOi tends to appear later in
therapy than what we know about statin
therapy. Our study showed that the onset of a
muscle-related PCSK9i AEs occurred a mean
(SD) 8 (5.3) months after initiation (range,
1-19). Statin muscle-related AEs typically
occur within the initial 4 to 8 weeks of treat-
ment, although they can occur at any time.”

Limitations

The results of this study should be consid-
ered with the following limitations. First,
this was a retrospective chart review per-
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formed over a prespecified period. Any
muscle-related AEs or LDL-C lowering ef-
fects from PCSK9i that occurred outside the
review period were not captured. Our study
was small and only included 137 patients,
though it was similar in size to the GAUSS-2,
GAUSS-3, and ODYSSEY-ALTERNATIVE tri-
als.”** Additionally, the study was primarily
composed of White men and may not be rep-
resentative of other populations. Some mus-
cle-related PCSK9i AEs may be attributed to
the nocebo. Last, our study did not capture
patients on a PCSK9i who were not followed
in the PACT clinic.

CONCLUSIONS

We found that muscle-related PCSK9i AEs
occurred at a similar rate as those reported in
previous clinical trials and exceeded the inci-
dence rate reported in the prescribing infor-
mation for alirocumab and evolocumab. It
appears that patients who have a prior mus-
cle-related intolerance to a statin and/or ezeti-
mibe had a higher likelihood of developing a
muscle-related PCSK9i AE. In our study, only
1 patient developed a muscle-related PCSK9i
AE who did not have a prior history of mus-
cle-related intolerance to either a statin or
ezetimibe. However, in our study, a substan-
tial percentage of patients with statin and/
or ezetimibe intolerances tolerated the full
PCSKO9i dose well, proving that PCSK9i are
still a reasonable alternative for patients with
prior intolerances to statins and/or ezetimibe.
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