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Statin intolerance
and new lipid-lowering treatments

ORONARY ARTERY DISEASE continues to be
C the leading cause of death in developed
countries, and rates are rapidly rising in the
developing world.! With the current obesity
epidemic and growth of metabolic syndrome,
its prevalence is likely to continue to climb.
Along with hypertension, diabetes, and smok-
ing, hyperlipidemia has consistently been
shown to be one of the most significant and
modifiable risk factors of coronary artery dis-
ease development and progression.?
Lipid-lowering therapy is important for
secondary prevention for patients with known
cardiovascular disease, as well as for primary
prevention for those at increased risk. Al-
though guidelines have historically focused on
achieving specific levels of low-density lipopro-
tein cholesterol (LDL-C), there is increasing
recognition that in many cases lower levels are
progressively beneficial, making lipid-lowering
therapies especially relevant.

I STATINS STILL THE THERAPY OF CHOICE
TO LOWER CHOLESTEROL

Several drug classes lower atherosclerotic risk
by lowering circulating lipid concentrations
and have been thoroughly tested. With a his-
torically proven track record in reducing mor-
bidity and mortality related to atherosclerotic
disease, beta-hydroxy beta-methylglutaryl co-
enzyme A (HMG-CoA) reductase inhibitors
(statins) are first-line cholesterol-lowering
medicationss. A large meta-analysis found
that sustained moderate- or high-intensity
statin therapy over 5 years reduced events re-
lated to atherosclerotic cardiovascular disease
by 21% for every 1 mmol/L (approximately 40
mg/dL) decrease in LDL-C.}
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However, many patients experience
musculoskeletal side effects that either pre-
vents them from using statins at all or limits
their ability to tolerate a dosage necessary to
achieve their cholesterol targets. As subopti-
mal control keeps them at continued cardio-
vascular risk, such patients should be thor-
oughly evaluated for true statin intolerance,
and adjunctive or alternative therapies should
be considered.

I STATIN INTOLERANCE: MYOPATHY

While the benefits and safety profile of statin
therapy are clear, adverse effects such as
statin-related myopathy remain elusive, pos-
ing diagnostic and therapeutic challenges.
Statin intolerance is widely reported in clini-
cal practice, often leading to its discontinua-
tion. Some estimate that up to 20% of patients
are unable to tolerate statin therapy owing to
muscle symptoms.*

Most of our current knowledge regarding
statin intolerance originates from observa-
tional data, although randomized control tri-
als have also been conducted evaluating drug
discontinuation due to intolerance. One meta-
analysis of randomized controlled trials found
that patients taking a statin and those taking
a placebo were not significantly different when
discontinuing treatment (odds ratio [OR] 0.99;
95% confidence interval [CI] 0.93-1.06]).°
The Self-Assessment Method for Statin Side-
effects or Nocebo (SAMSON) trial® found
that 90% of side effects experienced on statin
therapy were also experienced while taking
placebo. Discordant data between randomized
controlled trials and observational data may be
explained by the healthier and younger popu-
lations studied in randomized controlled trials,
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as well as lower dosages used during testing in
the early statin randomized controlled trials
compared with clinical practice.

Rates of myalgia, myositis, and rhabdomy-
olysis are rare, according to the US Food and
Drug Administration (FDA) Adverse Event
Reporting system and other large, real-world
databases.” However, not all studies evaluated
myalgia or reported creatine kinase levels, and
several trials included a run-in period, in which
randomization and inclusion occurred only af-
ter preliminary trial exposure to statin therapy.

Anti-HMG-CoA  reductase antibody-
mediated myopathy is an infrequently oc-
curring immunologic necrotizing myopathy,
which causes widespread and profound muscle
breakdown leading to permanent weakness.
Patients report progressive muscle weakness
and have persistently elevated creatine kinase
levels. Recognizing it promptly is critical so
that intravenous immunoglobulin treatment
can be started.

Il STATIN INTOLERANCE:
NONMUSCLE-RELATED SIDE EFFECTS

Nonmuscle-related side effects have also
been attributed to statin therapy, several of
which have been studied. Reports of periph-
eral neuropathies are rare. Neurologic cogni-
tion changes and memory loss do not appear
to be associated with statins.!'®!! No increased
risk of hemorrhagic cerebrovascular accidents
with the use of statins for primary stroke pre-
vention has been demonstrated, the literature
is conflicting regarding their use for secondary
prevention, but benefits appear to largely out-
weigh risks.!>!3

Liver dysfunction, a rare finding in pa-
tients taking high-intensity statins, appears to
be a laboratory side effect but is not clinically
significant.'* Liver failure is even more rare."
There is a slight increase in diabetes in pa-
tients taking statin therapy, but this should be
weighed against far greater risk reductions in
major cardiovascular events. Cataracts, renal
dysfunction, malignancy, and tendonitis have
not proven attributable to statin use.

Il STATIN-ASSOCIATED MYALGIA

Risk factors for statin-related myalgia have
been identified, including older age, female
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sex, family history of statin-associated myal-
gia, alcohol use, and rheumatologic disease.
Certain drugs can increase risk: colchicine,
verapamil, diltiazem, fibrates, protease inhibi-
tors, azoles, and antimicrobials such as clar-
ithromycin and erythromycin.

Clinical diagnosis is difficult, as no de-
finitive blood markers have been identified.
Values for creatine kinase, thyroid function,
inflammatory markers, and vitamin D are usu-
ally normal. Furthermore, definitions for my-
opathy, myalgia, myositis, and rhabdomyolysis
vary among professional organizations.

Although standardized definitions are
lacking, certain diagnostic criteria are con-
sistent across published guidelines.*!® Factors
favoring a clinical diagnosis of statin-related
myopathy include:

e Symmetric, proximal large muscle pain or
weakness, worsened by exercise

e Symptoms beginning 2 to 4 weeks after
statin initiation

e Resolution of symptoms within 2 weeks of
discontinuation

e Symptoms returning within 2 weeks after
reintroducing statin

e Symptoms occurring with 2 or more dif-
ferent statins, at least one of which is pre-
scribed at the lowest dosage.

Il DETERMINING STATIN INTOLERANCE

A major difficulty in establishing statin intol-
erance lies in distinguishing statin-associated
from nonstatin-associated muscle symptoms.
Many patients diagnosed with statin-associ-
ated muscle symptoms likely have nonspecific
musculoskeletal pain, unrelated to statin ther-
apy.'® Although the Statin-Associated Muscle
Symptom Clinical Index questionnaire was
designed to facilitate diagnosis, it requires ad-
ditional validation.!

Whereas previous trials have suggested
an almost indistinguishable side-effect profile
between low-dose statin therapy and placebo,
more recently designed rechallenge crossover
studies such as the Goal Achievement After
Utilizing an Anti-PCSK9 Antibody in Statin
Intolerant Subjects 3 (GAUSS-3)"® and the
ODYSSEY ALTERNATIVEY trials have
been able to establish statin intolerance as a
real and verifiable phenomenon.
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TABLE 1

Nonstatin lipid-lowering medications

Medication Mechanism of action LDL-C reduction Trials
Ezetimibe Reduces absorption of cholesterol 15%—25% IMPROVE IT¥
from small intestine
Bempedoic acid Inhibition of adenosine 15%—-20% (alone) CLEAR Outcomes study (pending)

triphosphate citrate lyase

25%—30% (with ezetimibe)

PCSK9 inhibitors Inhibition of PCSK9 protein resulting ~ 45%-60% FOURIER, 2015*
in more LDL receptors available, and ODYSSEY Outcomes 2015™
increased uptake of LDL-C into cells

LDL-C = low-density lipoprotein cholesterol; PCSK9 = proprotein convertase subtilisin/kexin type 9

The GAUSS-3 trial'® used a double-cross-
over design with atorvastatin and placebo in
491 patients who were self-reported to be intol-
erant to 2 or more statins. They found a 43%
rate of true statin intolerance, determined by
symptoms present during atorvastatin therapy
but absent during placebo therapy. Although
similar rates of myalgia were reported initially
in both atorvastatin and placebo groups (hazard
ratio [HR] 1.34; 95% CI 1.05-1.71; P = .02), af-
ter full completion of the washout and double-
crossover protocol, significantly more patients
experienced muscle-related symptoms when
taking atorvastatin than when taking placebo

(HR 1.96; 95% CI 1.44-2.66; P < .001).

Il CONSEQUENCES
OF STATIN INTOLERANCE

A diagnosis of statin intolerance comes with
significant health and financial costs. Statin-
intolerant patients who have their medication
down-titrated or discontinued are at increased
risk of future cardiovascular events.

A large retrospective cohort study found
that patients who were statin-intolerant had
a 36% higher rate of recurrent myocardial
infarction than those adherent to statin ther-
apy (HR 1.50; 95% CI 1.30-1.73; P < .001)
and a 43% higher rate of coronary heart dis-
ease events (HR 1.51; 95% CI 1.34-1.70; P
< .001).® Another study found significantly
higher medical costs in patients with statin
intolerance than in controls receiving statin
therapy, with a cost ratio of 1.2 (95% CI 1.11-
1.28; P < .0001).%

Il MANAGING STATIN INTOLERANCE

Confirm statin intolerance

In a patient suspected of having statin intol-
erance, statin therapy should be discontinued
and symptoms monitored over 2 weeks to see
if they resolve. Patients should be asked about
alcohol intake and nutraceutical medications,
as they potentially contribute to and con-
found muscle symptoms attributed to statins.
After 2 weeks, if symptoms have resolved, the M tient
same statin can be restarted at a lower dose or " any Patients
an alternative statin prescribed.? diagnosed with

Strategies for treating statin intolerance in- statin-associ-

clude using an alternative statin, modifying dos-

age, changing diet, and using other medications. ated muscle

Try another statin s.ymptoms
Pharmacologic profiles can differ significantly likely have
among statins®*%: nonspecific
e Lipophilic statins diffuse nonselectively
into extrahepatic tissues such as muscle; musculoskeletal
simvastatin, the most lipophilic statin, is pain, unrelated
most associated with muscle symptoms to statins
e Hydrophilic statins are actively transport-
ed into hepatocytes; examples are pravas-
tatin and rosuvastatin, which are less as-
sociated with muscle symptoms.
Changing from a lipophilic to a hydrophilic
statin is a reasonable first-line alternative drug
strategy for patients experiencing myalgia.

Adjust dosage

Intermittent rather than daily dosing can also
be considered for patients with statin-associ-
ated muscle symptoms and for patients who
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TABLE 2

PCSK9 inhibitor trials

STATIN INTOLERANCE

LDL-C LDL-C
Statin reduction reduction Patients with
PCSK9 Definition of statin rechal-  with PCSK9 with muscle events
Trial? inhibitor intolerance lenge inhibitor ezetimibe?  during trial
GAUSS-2, Evolocumab  Intolerable muscle-related No 56.1% (140 mg 19.2% 12%
20143 side effects to > 2 statins; every 2 weeks) (evolocumab)
most participants unable
to tolerate > 3 statins 55.3% (420 mg 23%
per month) (ezetimibe)
GAUSS-3, Evolocumab  Intolerance to atorva- Yes 52.8% (420 mg 16.7% 20.7%
20168 statin 10 mg and another per month) (evolocumab)
statin at any dose; or 3
or more statins, with 1 at (28'8t°./° ibe)
the lowest daily dose and SRR
2 others at any dose HR 0.68; 95% Cl
0.39-1.19
ODYSSEY Alirocumab  Inability to tolerate 2 or  Yes 45.0% (75 mg 14.6% 32.5% (alirocumab)
ALTERNATIVE, more statins because every 2 weeks) 41.1% (ezetimibe)
2015 of unexplained skeletal -1 {€zelimibe

muscle-related symptoms
with one of the 2 statins
at the lowest-approved
daily starting dose.

HR 0.71; 95%
Cl10.47 t0 1.06

2All trials used ezetimibe 10 mg daily as the nonstatin comparator.

Cl = confidence interval; HR = hazard ratio; LDL-C = low-density lipoprotein cholesterol; PCSK9 = proprotein convertase subtilisin/kexin type 9
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have a history of severe myotoxicities and
marked creatine kinase elevation.

Studies have found that intermittent dos-
ing can achieve LDL-C reductions of about
20% to 40%, although impacts on cardiovas-
cular outcomes have yet to be established. A
large single-center study of statin intolerant
patients found a trend toward mortality ben-
efit with intermittent dosing.”® A statin with
a long half-life, such as rosuvastatin, may be a
good choice for intermittent dosing.

I NONSTATIN DRUG THERAPY

For patients with persistent symptoms even af-
ter trials of two different statins at their lowest
dosages, categorical intolerance is likely, and
nonstatin medications should be considered.
These include ezetimibe, bempedoic acid, and
proprotein convertase subtilisin/kexin type
9 (PCSK9) inhibitors. The actions of these

agents are summarized in Table 1.181927-32
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PCSK9 inhibitor therapy
Monoclonal antibody PCSK9 inhibitors be-
long to a novel class of lipid-lowering therapy
that have been reported to reduce LDL-C
concentrations by up to 60%'*°% and reduce
the risk of cardiovascular events.’* PCSK9
inhibitor therapy prevents downregulation
and destruction of cell membrane LDL recep-
tors, thereby leading to lower circulating LDL
particle concentrations. Several studies have
evaluated the efficacy of PCSK9 inhibitors in
patients with statin-associated muscle symp-
toms (Table 2).181932

The GAUSS-2 trial*® randomized more
than 300 patients who experienced statin-
associated muscle symptoms and discontin-
ued two different statin medications to either
evolocumab (a PCSK9 inhibitor), ezetimibe,
or placebo. After 12 weeks of therapy, evo-
locumab was associated with the largest av-
erage reduction in LDL-C from baseline val-
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ues (56.1%; 95% CI =59.7% to =52.5%; P <
.001). None of the patients in the evolocumab
group discontinued medication due to muscle-
related events.

The GAUSS-3 trial®® randomized con-
firmed statin-intolerant subjects to evolocum-
ab or ezetimibe for 24 weeks. Evolocumab
produced a more significant mean reduction
in LDL-C of 52.8% from baseline values (95%
CI -55.8% to =49.8%; P < .001). Discontinu-
ation of therapy due to muscle-related symp-
toms occurred in 6.8% of the ezetimibe group
vs 0.7% of the evolocumab group.

The ODYSSEY ALTERNATIVE trial® com-
pared PCSKO9 inhibitor therapy (using alirocum-
ab) with ezetimibe in patients with confirmed
statin intolerance. While ezetimibe reduced
mean LDL-C by 14.6%, alirocumab reduced
mean LDL-C levels by 45.0%. Muscle-related
symptoms occurred less frequently with alirocum-
ab (32.5%) than with ezetimibe (41.1%), but the
difference was not statistically significant (HR
0.71;95% CI 0.47-1.06; P < .096).

Their findings establish PCSK9 inhibitor
therapy as a promising alternative LDL-C low-
ering strategy in patients with proven statin
intolerance. It may ultimately prove superior
to statin dosage reduction, dietary modifica-
tion, and pharmaceutical alternatives.

Bempedoic acid

In 2020, the FDA approved bempedoic acid
for treatment of hypercholesterolemia. It
works by inhibiting adenosine triphosphate
citrate lyase (ACL), an enzyme critical to the
hepatic synthesis of cholesterol.

In the Cholesterol Lowering via Bem-
pedoic Acid, an ACL-Inhibiting Regimen
(CLEAR) Tranquility phase 3 randomized
placebo-controlled trial”® of patients with a
history of statin intolerance, bempedoic acid
together with ezetimibe led to LDL-C reduc-
tion of 28.5% more than ezetimibe alone (P <
.001), while bempedoic acid led to significant
reductions in nonhigh-density lipoprotein
cholesterol (23.6%), total cholesterol (18%),
apolipoprotein B (19.3%), and C-reactive
protein (31%) (P < .001).

The ongoing CLEAR Outcomes study is
randomizing more than 14,000 patients who are
statin-intolerant and at high risk for cardiovas-
cular disease to treatment with bempedoic acid

CLEVELAND CLINIC JOURNAL OF MEDICINE

vs placebo.” Results are expected in 2023 to ad-
dress the effects on cardiovascular outcomes.

@ PROMISING NEW AGENTS
While PCSK9 inhibitor therapies and bempe-

doic acid will likely find their way into routine
prescription use in the coming years, ongo-
ing investigations continue to demonstrate
promise in other advanced lipid-lowering ap-
proaches.

Inclisiran, currently under FDA review, is
a small interfering RNA (siRNA) agent that
inhibits translation of the PCSK9 protein and
therefore its formation. This promotes LDL-
C receptor recycling from cell membranes
at a stage upstream from the PCSK9 inhibi-
tor therapies. Trials of patients with elevated
LDL-C levels despite maximally tolerated
statin therapy found that adding inclisiran
reduced LDL-C levels by about 50% com-
pared with baseline levels of patients on statin
therapy only.***7 Inclisiran is administered by
subcutaneous injection, followed by a second
dose after 90 days, then every 6 months there-
after.

Evinacumab is a monoclonal antibody
that blocks angiopoietin-like 3 (ANGPTL3),
a protein that inhibits lipoprotein lipase and
thereby increases plasma LDL-C levels. Gene
mutations resulting in loss of function of this
protein are associated with hypolipidemia. A
phase 3 clinical trial with 65 patients with ho-
mozygous familial hypercholesterolemia found
that evinacumab infusion every 4 weeks re-
duced LDL-C by 49 percentage points vs the
placebo group at 24 weeks, with both groups
also on maximum lipid-lowering therapy.*

Finally, recent evidence from nonhuman
primates shows promise in the field of gene ed-
iting, a form of next-generation alteration of
the biological blueprint that underlies serum
lipoprotein concentrations. Gene therapy to
mimic natural cardioprotective variants (such
as targeted reduction in PCSK9 and ANG-
PTL3 protein production) have shown reduc-
tion in serum cholesterol levels.”

I NUTRACEUTICALS

Nutraceuticals are natural food-derived sub-
stances that are generally well tolerated and
provide health benefits, including the preven-
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tion or treatment of medical conditions. Two
of the most widely studied in cardiovascular
medicine are red yeast rice (which contains
monacolin K, the active ingredient of lova-
statin) and berberine. Other plant sterols, sol-
uble fibers, probiotics, polyunsaturated fatty
acids, and antioxidants have also been evalu-
ated.**# Lipid-lowering effects occur via mul-
tiple mechanisms (eg, inhibition of the intes-
tinal absorption of cholesterol, inhibition of
cholesterol synthesis, and enhanced excretion
of LDL-C).#

Nutraceuticals have been found to lower
LDL-C when used alone or combined with
ezetimibe® or a reduced statin dosage'*
and can help patients with statin intolerance

achieve their LDL-C goal. Red yeast rice was
found to reduce LDL-C by up to 27% com-
pared with placebo after 1 to 3 months.*
However, LDL-C reductions are modest
compared with pharmacologic therapy, and
the long-term effect on cardiovascular out-
comes with nutraceutical therapy has not been
formally evaluated. Therefore, nutraceuticals
should be reserved only for patients who are
truly statin-intolerant as an adjunct to non-
statin pharmacologic therapy. [ ]
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