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Antihyperlipidemic Treatment Options in Statin Resistance and
Intolerance
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Abstract: Cardiovascular disease is the global leading cause of death and
hypercholesterolemia is implicated as one of its top contributors. Moreover,
there is growing recognition that lower low-density lipoprotein cholesterol
levels offer greater protection against cardiovascular disease. Statins are the
first-line lipid-lowering agents for both primary and secondary prevention
of cardiovascular disease in patients with hypercholesterolemia. However,
statin resistance and intolerance lead to undertreatment in patients who would
likely derive the most benefit from antihyperlipidemic drugs. Several non-
statin therapies are increasingly prescribed to such patients, most commonly
ezetimibe and the PCSK9 monoclonal antibodies, but numerous other options
have been developed in recent years and investigations into new therapies are
ongoing. The use of these non-statin therapies requires the clinician to take
a highly personalized approach to cholesterol reduction in complex patients.
In this review, we describe current non-statin options for statin-resistant and
statin-intolerant patients in addition to areas of active research.
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ardiovascular disease is the leading cause of death globally,

with hypercholesterolemia is known to be one of the top causes.
Elevated low-density lipoprotein cholesterol (LDL-C) accounted for
41.9% of age-standardized ischemic heart disease deaths in 2017.!
A multitude of evidence from genetic, epidemiologic, clinical, and
randomized studies supports the conclusion that high total choles-
terol and LDL-C levels contribute to atherosclerotic cardiovascular
disease (ASCVD).?? In turn, LDL-C reduction is associated with a
lower risk of cardiovascular disease (CVD) and mortality, strongly
implicating LDL-C in the pathogenesis of ASCVD.*¢ Studies sug-
gest that the optimal LDL-C level is <100mg/dL and have found
that lower LDL-C levels offer greater protection against ischemic
events.”” Although the first line of protection against ASCVD is a
heart-healthy diet and active lifestyle, the first-line pharmacologic
therapy for the treatment of elevated cholesterol is a statin for both
primary and secondary prevention.

Despite statins’ efficacy in lowering LDL-C levels, they have
limitations. Statin resistance, due to inadequate reduction in LDL-C
levels, and statin intolerance, due to negative adverse effects, hinder
statin use in many patients. Such patients pose a unique challenge to
clinicians due to the potential for undertreatment in those at high risk
for morbidity and mortality secondary to ASCVD. However, various
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non-statin therapies have been shown to be equally, if not more, effec-
tive in lowering LDL-C levels, particularly those that function via
LDL-C receptor degradation, such as PCSK9 monoclonal antibodies,
and especially when combined with statin therapy.!®!" Trials evaluat-
ing newer, experimental therapies are ongoing. This article will focus
on antihyperlipidemic options for patients who require additional or
alternative non-statin treatment of hyperlipidemia.

STATINS

Statins are the most effective antihyperlipidemic oral medica-
tion and have been shown to decrease the risk of CVD significantly.®!2
Statins inhibit the rate-limiting step in cholesterol synthesis, thereby
leading to decreased hepatic cholesterol production and an increased
number of hepatic LDL-C receptors available for further LDL-C
uptake from the circulation.” In addition to lowering LDL-C levels
significantly, statins also lower triglyceride levels, while the effect on
high-density lipoprotein cholesterol (HDL-C) is variable.'* Despite
the multiple positive effects statins confer, there are several reasons
for the use of a non-statin antihyperlipidemic agent.

Resistance

Statins are typically divided into three categories: high,
medium, and low intensity, with each category of statins lowering
LDL-C by differing amounts. However, the true decrease in LDL-C
varies in practice and has been found to depend on differences in
gene polymorphisms and the presence of certain conditions such as
familial hypercholesterolemia (FH).!>!'® Response to statins may dif-
fer significantly between individuals even when they are taking the
same dose of the same statin.!” A meta-analysis found that over 40%
of trial participants failed to reach the recommended LDL-C level
of <70mg/dL with a fixed statin dose, suggesting a high variation
in statin response among participants.'® Since the consequence of
this variation in statin response may be an increased risk of CVD,
non-statin therapies may be necessary for some patients who require
an individualized approach to reach recommended LDL-C levels.
Patients unable to achieve the recommended magnitude of LDL-C
reduction may be considered statin-resistant, whether secondary to
familial or acquired hypercholesterolemia.

Intolerance

Despite statins’ efficacy and safety, adverse effects exist and
may lead to non-adherence and undertreatment. The most common
adverse effect that leads to intolerance is statin-associated muscle
symptoms (SAMS), which may present at any time after initiating
statins. Patients most frequently present with myalgia, cramps, and
weakness, as well as most often minimal or absent CK elevation."”
The true incidence of SAMS is difficult to quantify due to the vari-
ability in incidence reported in clinical reports versus randomized
trials.?**! In addition, the nocebo effect of statins complicates the
determination of the true incidence.”> However, even though the
incidence is likely lower than previously thought, SAMS remains a
leading cause of statin discontinuation and undertreatment in a con-
siderable number of patients. The National Lipid Association (NLA)
recently revised their definition of statin intolerance, specifying that
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the adverse reaction must occur with at least two statins and must
stop after discontinuation or dose reduction. The NLA also created
subtypes of statin intolerance: complete versus partial, the latter of
which is defined by the inability to tolerate the proper dose required to
achieve goal LDL-C levels.” Other statin side effects include transa-
minitis, hepatic dysfunction, and increased risk of diabetes; however,
these are either infrequent or rarely lead to statin discontinuation.?*

The initial approach to managing SAMS includes lowering the
dosage, switching to a different statin, or reducing the frequency of
dosing, after which most patients do well.>® For patients with persis-
tent SAMS after modification of statin therapy, combination therapy
or a switch to a non-statin antihyperlipidemic agent may be consid-
ered. These non-statin therapies include ezetimibe, PCSK9 monoclo-
nal antibodies, bile acid sequestrants, bempedoic acid, and inclisiran.
In addition to these, certain drugs are approved only for additional
LDL-C reduction in those with FH, such as mipomersen, lomitapide,
and evinacumab. Niacin and fibrates are rarely used and are not rec-
ommended for LDL-C reduction. Certain nutraceuticals, such as red
yeast rice, phytosterols, and others have been shown to provide addi-
tional LDL-C reduction. Future directions include CETP inhibitors,
lipoprotein(a) targets, and gene therapy (Table 1).

EZETIMIBE

Ezetimibe is the first non-statin medication considered in
those with resistance or intolerance to statins. It targets the Nie-
mann-Pick Cl-like 1 (NPCI1L1) protein, which mediates intestinal
absorption of cholesterol. By increasing intestinal loss of cholesterol,
ezetimibe leads to cholesterol production, further LDL-C hepatic
uptake, and LDL-C reduction by up to 17% on average.*® In addition
to progressive LDL-C reduction, the IMPROVE-IT trial showed that
ezetimibe added to statin therapy resulted in lower rates of cardiovas-
cular events, with similar rates of adverse effects including myopathy,
myalgia, and rhabdomyolysis.?’ In another major study, the SHARP
trial, ezetimibe combined with a low-dose statin reduced the risk of
some major ASCVD events, specifically hemorrhagic strokes and
arterial revascularization procedures, in patients with chronic kidney
disease.”® These trials indicate that ezetimibe is a powerful addition
to low-dose statins. Although ezetimibe is contraindicated in patients
with active liver disease, it has otherwise been a safe addition to low-
dose or maximally tolerated statin therapy and an effective statin
alternative. The 2022 ACC Expert Consensus Decision Pathway on
the Role of Non-statin Therapies for LDL-Cholesterol Lowering in
the Management of Atherosclerotic Cardiovascular Disease Risk

TABLE 1. Approach to the Management of Statin-Associat-
ed Muscle Symptoms (SAMS)?

Inquire about symptom characteristics to rule out other reversible
causes, such as strenuous exercise, hypothyroidism, and vitamin D
deficiency.

Measure creatine kinase (CK) to rule out myopathy and rhabdomyoly-
sis. If CK is elevated at >10 times the upper limit of normal, then the
statin should be discontinued immediately. On the other hand, a normal
CK may reassure and persuade the patient to reattempt statin therapy.
Review the medication list to rule out drug—drug interactions, including
but not limited to gemfibrozil, macrolides, antifungals, and immuno-
suppressants.

Prescribe a “statin holiday” to evaluate for symptom resolution.

If no symptom resolution, evaluate for other causes of muscle symp-
toms. If symptom resolution, attempt statin rechallenge at a lower dose
or alternative statin.

If symptoms are intolerable to the patient, attempt non-statin mono-
therapy or in combination with a maximally tolerated statin.
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(2022 ECDP) recommends ezetimibe as the first non-statin therapy
to add onto maximally tolerated statin therapy in patients with inad-
equate LDL-C reduction.”

PCSK9 ANTIBODIES

The PCSK9 monoclonal antibodies (mAb), alirocumab and
evolocumab, exert their effects on LDL-C reduction after binding to
proprotein convertase subtilisin/kexin type 9 (PCSK9), an enzyme
that binds and initiates degradation of the LDL-C receptor in hepato-
cytes. By inhibiting PCSK9, the number of LDL-C receptors avail-
able to clear LDL-C from circulation is increased.’* PCSK9 mAb
lower LDL-C levels by up to 70% and strengthen the effects of statins
with few adverse events.''*!32 The GAUSS-3 trial showed higher effi-
cacy of evolocumab compared with ezetimibe when the primary out-
come was a reduction in LDL-C levels after 24 weeks in patients with
muscle-related statin intolerance.’® The efficacy of PCSK9 inhibitors
in lowering LDL-C cholesterol levels was further supported by the
SPIRE trials which investigated bococizumab, a humanized mono-
clonal antibody, despite the eventual discontinuation of drug devel-
opment due to high rates of immunogenicity and wide variation in
the magnitude of LDL-C reduction.’’

Studies have also been done evaluating their effects on CVD
outcomes. Alirocumab or evolocumab added to statin therapy low-
ered LDL-C levels and reduced the rate of cardiovascular events in
long-term trials up to 2.2 years.’*3 More recently, the ODYSSEY
trial showed that in patients with ACS in the preceding 1-12 months
and on maximally tolerated statin therapy, alirocumab taken every
other week significantly lowered the risk of major adverse CVD
events when compared to placebo, with those with LDL =100 deriv-
ing the largest benefit.*® Lastly, the FOURIER-OLE trial, with a
median follow-up period of 5 years, showed similar rates of adverse
events in the evolocumab group versus the placebo group, with a sig-
nificantly lower risk of CVD events and death, supporting the long-
term efficacy and safety of this drug.’® PCSK9 mAb are powerful
antihyperlipidemic agents and are recommended by the 2022 ECDP
after ezetimibe has been tried, especially if >25% LDL-C reduction
is required.?

BILE ACID SEQUESTRANTS

Bile acid sequestrants (BAS) reduce serum cholesterol levels
by facilitating the excretion of bile, thereby reducing intrahepatic
bile acid recycling and requiring further conversion of cholesterol
into bile. These drugs include colesevelam, cholestyramine, and
colestipol, which differ in potency, administration, and tolerability.
BAS have been shown to have a synergistic effect on LDL-C reduc-
tion when combined with statins.***° Nevertheless, they remain
unpopular in practice partly due to their uncomfortable gastroin-
testinal side effects. Colesevelam, the second-generation BAS, is
the least likely to cause side effects out of the three medications.*!
They may also interfere with the absorption of fat-soluble com-
pounds and other medications. While multiple studies have shown
a reduction in LDL-C levels with BAS, their effect on cardiovas-
cular morbidity and mortality remains less certain. In one study,
cholestyramine reduced coronary heart disease deaths and nonfatal
myocardial infarctions, but the risk of death from all causes was not
significantly reduced.** A recent Mendelian randomization analy-
sis showed that cholestyramine and colesevelam led to a modest
reduction in the risk of coronary artery disease and supported the
use of BAS as second-line therapy in hyperlipidemia.** The 2022
ECDP also supports the use of BAS in place of ezetimibe when
statin therapy is limited.”” More controlled randomized trials are
necessary to fully elucidate the effects of BAS on cardiovascular
morbidity and mortality.
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BEMPEDOIC ACID

Bempedoic acid is a new drug approved by the Food and Drug
Administration (FDA) in 2020. The mechanism of action of bem-
pedoic acid involves the inhibition of adenosine triphosphate citrate
lyase, an enzyme upstream of the rate-limiting step of HMG-CoA
reductase in the cholesterol synthesis pathway. This results in the
upregulation of hepatic LDL-C receptors and an increase in serum
LDL-C clearance. One study, in particular, showed that bempe-
doic acid was well-tolerated and lowered LDL-C by 28.7% more
than placebo in patients with previously established statin intoler-
ance secondary to SAMS.* Bempedoic acid is a prodrug activated
by very-long-chain acyl-CoA synthetase-1, a liver enzyme absent
in skeletal muscle cells, which is thought to be the reason for the
drug’s favorable side effect profile in patients with SAMS, as fur-
ther demonstrated in the CLEAR trials.**" It is an effective oral
adjunct to ezetimibe in statin-intolerant patients.*** Bempedoic acid
is now available as a combination drug with ezetimibe, which may
provide an additional 38% LDL-C reduction in patients with hyper-
cholesterolemia at risk for CVD already on maximal statin therapy.*®
Major adverse reactions include hyperuricemia and tendon rupture.
The combination drug is approved for patients in need of additional
LDL-C reduction after maximum statin therapy. It may be particu-
larly beneficial for patients who prefer fewer medications and those
who are reluctant to take injection medications such as monoclonal
antibodies. Long-term studies evaluating changes in CVD outcomes
with bempedoic acid are currently in progress.

INCLISIRAN

Inclisiran was approved by the FDA in 2021 as an alternative
to PCSK9 mAbD for the treatment of heterozygous FH and ASCVD
in patients who require additional LDL-C reduction. This new drug
is a PCSK9-small interfering RNA molecule, inhibiting the trans-
lation of PCSK9.#*° The ORION trials have shown that inclisiran
significantly lowers LDL-C levels when compared to placebo in
patients with heterozygous FH and those with CVD or at high risk
of CVD, with similar adverse events between groups.*-? Studies
evaluating the drug’s effect on cardiovascular morbidity and mortal-
ity are currently underway. No studies directly compare the efficacy
of inclisiran to that of PCSK9 mAb. However, inclisiran may be seen
as more convenient than PCSK9 mAb by patients, due to its twice-
yearly subcutaneous administration after an initial administration at
the start and 3 months, rather than monthly or twice monthly subcu-
taneous administration of PCSK9 mAb. Even so, PCSK9 mAbs are
preferred by physicians due to the more extensive research showing
safety and efficacy.

MIPOMERSEN AND LOMITAPIDE

Two non-statin antihyperlipidemic drugs are currently only
approved for the treatment of homozygous FH: mipomersen and
lomitapide. Both function by lowering levels of VLDL, the precursor
to LDL.%

Mipomersen, an antisense oligonucleotide preventing transla-
tion of apolipoprotein B (ApoB), a major component of LDL and
VLDL, lowered LDL-C by 24.7% and 36.9% in two randomized tri-
als when compared with placebo, in addition to reducing ApoB and
lipoprotein(a) levels.**> Mipomersen was also shown to reduce the
risk of cardiovascular events in patients with FH.*® The most com-
mon adverse reactions included injection site reactions and flu-like
symptoms, in addition to transaminitis and hepatic steatosis which
resolved after cessation of the drug. Nonetheless, mipomersen has
a black box warning for hepatotoxicity and is limited to those who
enroll in the Risk Evaluation and Mitigation Strategies program by
the FDA.

© 2022 Wolters Kluwer Health, Inc. All rights reserved.

Lomitapide inhibits microsomal triglyceride transfer protein
(MTP), preventing the transfer of lipids in the liver and intestines, an
important step in the creation of VLDL and chylomicrons, respec-
tively. In one study, lomitapide led to LDL-C reduction by 50% at 26
weeks, 44% at 56 weeks, and 38% at 78 weeks. The most common
adverse events were gastrointestinal symptoms, transaminitis, and
hepatic steatosis.”” Limitations to the drug’s use include the drug’s
potential for multiple drug—drug interactions. No randomized con-
trolled clinical outcome studies have been done on lomitapide. Data
on long-term safety of both mipomersen and lomitapide are lacking.

EVINACUMAB

Evinacumab is a monoclonal antibody against angiopoietin-
like protein 3 (ANGPTL3), an inhibitor of lipoprotein lipase and
endothelial lipase, both enzymes that increase triglyceride and lipid
levels. It is administered by monthly infusion and is currently only
approved for the treatment of homozygous FH, although it is also
effective in those with heterozygous FH.*® It was shown to lower
LDL-C by approximately 50% in patients with homozygous FH with
an adverse side effect profile similar to that of placebo in the ELIPSE
HoFH study.” There have been no studies evaluating its effect on
clinical CVD outcomes.

NIACIN AND FIBRATES

Niacin and fibrates are most effective in lowering triglyceride
levels and increasing HDL-C levels, with a mild effect on LDL-C
levels. Fibrates function via interaction with peroxisome proliferator-
activated (PPAR)-alpha, leading to a cascade of downstream effects
on lipid transport and metabolism that are yet to be fully elucidated.
Fibrates are not recommended for the treatment of hypercholester-
olemia without concomitant hypertriglyceridemia or low HDL-C;
however, if a fibrate must be taken along with a statin, fenofibrate is
preferred to gemfibrozil due to lower risk of muscle-related toxicity,
which is a possible side effect of fibrate monotherapy.®¢!

Niacin mainly exerts its effects via the inhibition of hepatocyte
diacylglycerol acyltransferase-2, an enzyme involved in triglyceride
synthesis.*? Niacin has not been shown to lead to clinically beneficial
effects, is poorly tolerated, and is particularly concerning when used
with statins. Niacin raises HDL-C levels and lowers lipoprotein(a)
levels, although the effect on patient outcomes is unclear, and side
effects limit use.® The addition of niacin to statin-based therapy did
not reduce the risk of cardiovascular events but increased the risk
of adverse events among those with ASCVD.%¢ The most com-
mon side effects are mucocutaneous flushing, pruritus, rash, par-
esthesias, nausea, vomiting, and diarrhea, some of which may be
mitigated with aspirin or ibuprofen-pretreatment via prostaglandin-
inhibiting effects.®® Other limiting adverse effects include myopa-
thy when combined with statins, transaminitis, hyperglycemia, and
hyperuricemia.®¢’

NUTRACEUTICALS

Nutraceuticals, such as red yeast rice, phytosterols, soy prod-
ucts, and polyunsaturated omega-3 fatty acid, among others, may
also be considered in the treatment of hypercholesterolemia. They
are thought to exert their effects via a variety of mechanisms such
as decreasing cholesterol absorption and synthesis and increasing
LDL-C excretion. Few long-term studies evaluating CVD morbidity
and mortality have been done; however, one study showed that red
yeast rice lowered the risk of CVD events and mortality significantly
in patients with a previous myocardial infarction.®® Another study,
the ADHERENCE trial, showed that Armolipid Plus (a combination
of red yeast extract, policosanols, berberine, folic acid, astaxanthin,
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and coenzyme Q10) lowered LDL-C and total cholesterol in high-
risk, high-dose statin-intolerant patients when compared to low-dose
statin therapy alone.” These nutraceuticals are generally well-toler-
ated and are therefore recommended in patients unable to achieve
target LDL-C levels through pharmacologic therapy alone, whether
due to statin intolerance or statin resistance.”” They may be used in
conjunction with pharmacologic therapies, such as tolerable low-
dose statins, to achieve goal LDL-C reduction. However, care must
be taken to use only high-quality nutraceuticals, especially as these
are generally unregulated.

FUTURE DIRECTIONS

Cholesteryl ester transfer protein (CETP) is responsible for
transferring cholesteryl esters and triglycerides between lipoproteins.
Its activity has been associated with atherosclerosis and CVD risk.
As such, it has been a target of research in recent years. Three CETP
inhibitors, torcetrapib, dalcetrapib, and evacetrapib, were studied and
abandoned due to futility or increased cardiovascular events. Anac-
etripib showed promise when it was shown to lower the incidence of
acute coronary syndrome events; however, it was also abandoned.”
Obicetrapib (TA-8995) is currently being actively investigated in a
phase 3 trial after it was shown to lower LDL-C levels when com-
bined with high-intensity statin therapy.”

Lipoprotein(a), an LDL variant bound to apolipoprotein(a),
has been implicated in ASCVD progression and has been a target of
investigation. Some treatments currently in use are known to mod-
estly decrease lipoprotein(a), such as PCSK9 antibodies and lipo-
protein apheresis. Newer nucleic acid-based treatments are being
investigated. Pelacarsen, an antisense oligonucleotide, and olpasiran,
a small interfering RNA, are undergoing phase 3 and phase 2 tri-
als, respectively. Previous trials showed a significant reduction in
lipoprotein(a) and were generally well tolerated.”>

LDL apheresis is approved by the FDA for patients who are
unable to adequately lower LDL-C levels through medications alone
and are at high risk for CVD. It is most often performed by lipid
specialists in patients with FH. LDL apheresis involves the extra-
corporeal removal of ApoB-containing lipoproteins, namely LDL-C,
lipoprotein(a), and VLDL. Although studies examining outcomes for
LDL apheresis are limited, in one study the procedure led to acute
LDL-C reductions with averages ranging from 57% to 75% in those
with homozygous FH and 58% to 63% in those with heterozygous
FH. It is well-tolerated, but common side effects include hypotension,
nausea, and vomiting.” The procedure is limited by availability, cost,
frequency of administration, and need for venous access. In patients
with homozygous FH whose LDL-C levels remain uncontrolled with
medications or LDL apheresis, liver transplantation has been done,
although only in young children with severe disease.”

Lastly, gene therapy is another future approach targeting
increased LDL-C receptor activity in hepatocytes. It has been inves-
tigated in animal models and humans, but at the moment is purely
experimental.”””

CONCLUSION

Managing hypercholesterolemia in statin-resistant and
statin-intolerant patients remains a challenge for the clinician. The
development of non-statin therapies in recent years has provided
myriad pathways to lowering LDL-C levels, thereby decreasing the
risk of CVD morbidity and mortality. However, a patient-centered
approach to hyperlipidemia treatment is crucial to achieving goal
LDL-C levels and ensuring treatment adherence. Newer pharma-
ceutical and nutraceutical approaches are on the horizon, which
may eventually expand options for the personalized treatment of
hyperlipidemia.
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