52

A Case of Severe Myopathy

Not All Statins are
—nvironmental and Genetic

Myotoxicity Risk Factors

10.4414/cvm.2024.1327305240 | 2024;27(2):52-54 | Cardiovasc Med

Case Report | Peer-Reviewed Article

—qual —

Anna Katharina Schmid?, Victor Voicu®?¢, Sarah Parejo?, Franziska M. Jakobs"<¢, David F. Niedrig®®, Sandro Baumgartner?,

Markus Béchir?f, Stefan Russmann?P¢ef

a Center for Internal Medicine, Hirslanden Hospital Aarau, Switzerland; ® Department of Chemistry and Applied Biosciences, Swiss Federal Institute of Technology Zurich (ETHZ),
Zurich, Switzerland; © drugsafety.ch, Kiisnacht, Switzerland; ¢ Labor Risch, Division of Medical Genetics, Bern-Liebefeld, Switzerland; ¢ Hirslanden Hospital Zurich, Switzerland;

f University of Nicosia Medical School, Nicosia, Cyprus

Abstract

Dose-dependent statin-related myotoxicity (SRM) is a rare adverse effect of statin treatment. Dif-
ferences in the pharmacokinetics and interactions with environmental and genetic factors consti-
tute important risk factors for the development of SRM. We present the case of an 82-year-old
female patient with severe simvastatin-related myotoxicity and several risk factors of SRM,
namely a pharmacokinetic interaction with verapamil, a pharmacogenetic interaction with a SL-
CO1B1*1/*5 variant, high age, female gender and impaired renal function. A comprehensive eval-
uation of distinct pharmacokinetic and pharmacogenetic properties of different statins and a
pharmacogenetic panel test guided the diagnosis and options for further clinical management.
Inspired by this and other similar cases, we developed a pocket card as practical companion for
statin prescribing in clinical practice and provide it as an addition to this report.
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Introduction

Statins are a cornerstone in the treatment of
hypercholesterolemia, the primary and sec-
ondary prevention of ischemic vascular events
and are among the most frequently prescribed
medications worldwide [1]. Beyond lowering
cholesterol, statins have also been associated
with other beneficial properties including
anti-inflammatory and plaque-stabilizing ef-
fects on atherosclerotic vessels [2]. However,
statin-related myotoxicity (SRM) is a rare ad-
verse effect of statins. The severity of SRM can
range from subclinical muscle weakness and
creatine kinase (CK) elevation to severe mus-
cle pain and rhabdomyolysis. SRM shows in-
trinsic dose-dependency and can be distin-
guished from extremely rare idiosyncratic
statin-related immune-mediated necrotizing
myopathy [3]. SRM is considered a class effect
of statins. Its dose-dependency implies that
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differences in the pharmacokinetics of various
statins and their interactions with environ-
mental and genetic factors constitute impor-
tant risk factors for the development of SRM
[3]. Therefore, the clinical prescribing of stat-
ins should account for these differences to
lower the risk of SRM.

We present a case of severe simvastatin-
induced myotoxicity and demonstrate how a
comprehensive evaluation of statin-specific
pharmacokinetics and patient-specific factors
can guide personalized prescribing as well as
the prevention and management of SRM. As
an addition we developed a pocket card to
guide statin prescribing in clinical practice.

Case Presentation

A 82-year-old female of European descent
(weight 74 kg, BMI 28.9 kg/m?) with known
type 2 diabetes, diabetic nephropathy and

tachycardic atrial fibrillation presented to
the emergency room after a sudden loss of
consciousness at home. She reported having
muscle weakness in her lower extremities for
several weeks. Laboratory results showed
marked elevations of CK (5779 U/l, norm.
<171 U/]) and potassium (6.6 mmol/l, norm
<5.3 mmol/l), and acute-on-chronic grade IV
renal impairment (estimated glomerular filtra-
tion rate [eGFR] 26 ml/min/1.73 m?). Medica-
tion upon hospitalization included simvastatin
40 mg/d for the primary prevention of ischem-
ic vascular events in the presence of the risk
factors type 2 diabetes and renal impairment,
and verapamil 240 mg/d for hypertension and
control of tachycardic atrial fibrillation. Both
had been prescribed for more than a year.
In the absence of other likely causes for the
muscle symptoms and markedly elevated CK,
a clinical diagnosis of SRM was made. Sim-
vastatin was stopped immediately and intra-
venous fluids were administered. Within
three days, muscle weakness improved, CK
decreased to 1241 U/l, potassium to 4.6
mmol/], eGFR increased to 38 ml/min/1.73 m?
and the patient was discharged in good general
condition.

Results of a pharmacogenetic panel test
were available shortly after discharge. They
showed one solute carrier organic anion trans-
porter (SLCO) 1Bl non-functioning allele
(*1/*5), indicating a decreased function of or-
ganic anion-transporting polypeptide (OATP)
1B1 transporter activity and also a cytochrome
P450 (CYP) 2C9*1/*1 wild type, indicating
normal CYP2C9 enzyme activity. According
to standardized causality assessment based on
WHO-UMC criteria (temporal relationship,
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Careful: Use with caution, monitoring myotoxicity risk (e.g., CK)

Table 1: Table of statin-specific risk factors for statin-related myotoxicity (SRM).
A printed version for use as a clinical pocket card is available from the authors upon request.
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other causes unlikely, positive rechallenge, ex-
trinsic evidence), simvastatin can be classified
as the “probable” cause for this patient’s muscle
symptoms and elevated CK levels.

Further Clinical and Pharmacological
Evaluation and Management

Assuming a multi-causal genesis of SRM in
our patient, we systematically searched for po-
tential drug-drug, drug-gene, drug-food and
drug—disease interactions. First, simvastatin is
primarily metabolized via CYP3A4, of which
verapamil is a moderate inhibitor. A quantita-
tive estimate of the resulting pharmacokinetic
interaction predicts a 3.2x increase of simvas-
tatin area under the curve caused by verapamil
(https://www.ddi-predictor.org). In our pa-
tient this would correspond to a simvastatin
exposure usually achieved with more than 120
mg/d, exceeding the maximum recommended
dose of 80 mg/d. In addition, four other factors
may have contributed to an even higher drug
exposure: a further decreased metabolic ca-
pacity of CYP450 enzymes associated with
high age and female sex, the decreased OAT-
P1B1 transporter capacity related to the hete-
rozygous SLCO1B1*1/*5 variant and the im-
paired renal function [3, 4]. Indeed, the clinical
relevance of the SLCO1BI variant is particu-
larly well established for simvastatin, whereas
it may play a lesser role for other statins [4, 5].
Further risk factors and acute triggers for
SRM, including grapefruit juice consumption
inhibiting the CYP3A4 enzyme and P-glyco-
protein transporter activity, were actively
searched in our patient but could not be iden-
tified.

Although the high-intensity statins rosu-
vastatin or atorvastatin are generally pre-
ferable, we concluded that the most suitable
statin for our patient would be fluvastatin
20-40 mg/d, since it is not primarily metabo-
lized via CYP3A4 but CYP2C9, for which
our patient had no pharmacogenetic variant
associated with an impaired function, and
because fluvastatin is least affected by the
SLCO1BI1-variant and is therefore categorized
as a low SRM-risk option [5]. On the other
hand, in this elderly patient with several co-
morbidities, one should challenge the indica-
tion for statin therapy as primary prevention
in the first place and eventually it was decided
to discontinue any statin therapy.

Discussion and Development of a
Pocket Card as a Clinical Prescribing
Companion

The presented patient developed typical symp-
toms of rhabdomyolysis during therapy with
simvastatin and therefore a diagnosis of SRM
was made despite the unusually long latency. A
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long latency time of several months or more
has also been observed in clinical trials and
other case reports of SRM [4]. The true inci-
dence of SRM is uncertain, with reports rang-
ing from 1.5 to 5% for randomized controlled
trials (RCTs) and 10 to 33% in observational
studies, depending on follow-up and defini-
tion of SRM [6]. All statins share the same
mechanism of action, inhibition of the HMG-
CoA reductase and all have the potential to
cause myotoxicity. However, differences in the
pharmacokinetic properties influence how
statins interact with environmental and genet-
ic factors, thereby either increasing or decreas-
ing the risk of severe myotoxicity. Comprehen-
sive information on this topic can be found
in guidelines and position papers from the
European Society of Cardiology (ESC) and the
European Atherosclerosis Society (EAS) [7, 8],
or the comprehensive review of relevant risk
factors of SRM published by Turner and
Pirmohamed [3]. This work also presents a
well-structured overview of distinct pharma-
cokinetic features for all statins. Besides high
statin dose, these can be separated into either
environmental factors, including interactions
with co-medication and diet, advanced age,
female gender and co-morbidities, or genetic
factors such as genetic variants of metabolizing
enzymes and transporters. The identification
of five risk factors in our patient emphasizes
that a multi-causal model of disease likely
applies as it does to most adverse drug reac-
tions.

Consequently, an individual risk assess-
ment before prescribing statins with a person-
alized statin selection would be desirable for
each patient. A suboptimal statin choice might
have pharmacokinetic interactions that may
increase the patient’s statin exposure causing
an individually higher risk of SRM compared
to another statin. For example, patients taking
CYP3A4 inhibitors (e.g., clarithromycin, ciclo-
sporin, verapamil or protease inhibitors) have
an increased exposure of statins metabolized
by CYP3A4 (simvastatin, atorvastatin, pitavas-
tatin). In contrast, patients with CYP2C9 in-
hibitors (e.g., fluconazole) or CYP2C9 genetic
variants with decreased activity have an in-
creased exposure of fluvastatin, which is pri-
marily metabolized by CYP2C9. Patients with
chronic kidney disease (eGFR <30 ml/min)
can have elevated levels of distinct statins that
have a high renal elimination fraction (rosu-
vastatin and pravastatin) and a SLCO1B1
non-functioning variant (*5) likely affects sim-
vastatin more than fluvastatin [4, 9]. This high-
lights the key message of our report, that while
sharing the same mechanism of action, not all
statins are equal, particularly regarding SRM
risk and its attenuation by various factors.

The tabulated summaries cited above are
most comprehensive but may not be pragmatic
for daily use by the average physician. There-
fore, to facilitate the implementation of per-
sonalized statin prescribing in clinical practice,
we have compiled a detailed yet easy to use
table of the most important clinical risk factors
(table 1). The visualization helps to identify
key information at one glance and was inspired
by the CYP450 interaction tables first present-
ed more than 20 years ago by our colleagues
from Geneva [10]. We recommend using the
table as a pocket card companion in clinical
practice, as it can efficiently guide the selection
and dosing of the most suitable statin for indi-
vidual patients [3]. The table can be applied
to all marketed statins in varying doses and
includes individual risk factors via various
mechanisms. Additionally, we aim to develop
specialized algorithms integrated into elec-
tronic prescribing applications, particularly for
hospitalized patients with statin therapy. Such
proactive drug safety measures may identify
patients at high risk for statin-induced myopa-
thy and therefore support the prevention of
SRM in the future.
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