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Abstract
Immune-mediated necrotizing myopathy (IMNM), a type of inflammatory myopathy, is associated with anti-SRP or anti-
3-hydroxy-3-methylglutaryl coenzyme A reductase (anti-HMGCR) antibodies, with statin use potentially inducing statin-
associated IMNM (SAIMNM) due to HMGCR targeting. Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors 
may offer a safer alternative for lipid-lowering in these patients. This study aims to describe the clinical characteristics of 
SAIMNM patients and evaluate the safety of PCSK9 inhibitors after myositis onset. We present the clinical characteristics 
of five SAIMNM patients and evaluate the safety of PCSK9 inhibitors in these cases. Additionally, we conducted a literature 
review using four different databases (Medline/PubMed, Scopus, Cochrane and DOAJ) to summarize the available data on 
IMNM. While numerous articles discussed statin-induced myositis, we selected only those studies that addressed the treat-
ment of dyslipidemia after the management of IMNM. All five patients were women, with four having a history of statin use. 
One statin-naïve patient was positive for anti-SRP antibodies, while the others had anti-HMGCR antibodies. After a mean 
follow-up of 18.2 months, creatine phosphokinase (CPK) levels dropped from 1028.6 IU/L to 135 IU/L, and LDL cholesterol 
levels decreased from 206.2 mg/dL to 87.2 mg/dL. All patients were treated with steroids (with a gradual dosage reduction), 
and four of the five received second line immunosuppressive therapy, such as intravenous immunoglobulin, methotrexate, 
azathioprine, and mycophenolate mofetil. No disease recurrence occurred after starting PCSK9 inhibitors. A review of seven 
studies (15 patients) showed a mean CPK of 1531.9 IU/L. 40% received steroids and another immunosuppressant. Statin 
rechallenge caused relapse in two cases, but PCSK9 inhibitors were well tolerated, with only one patient needing additional 
immunosuppression. Additionally, ezetimibe and bempedoic acid were used successfully in some patients. Finally, lipid 
levels appeared to be lower after treatment with PCSK9 inhibitors. Administration of PCSK9 inhibitors appears to be an 
effective and safe option for the treatment of dyslipidaemia in patients with IMNM.
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Introduction

Statins, one of the most frequently prescribed drugs world-
wide, are the cornerstone of atherosclerosis management 
and cardiovascular disease prevention. Their mechanism 
of action is based on the inhibition of 3-hydroxy-3-meth-
ylglutaryl coenzyme A reductase (HMGCR), resulting 
in lowered cholesterol levels [1, 2]. While generally well 
tolerated, up to 25% of patients develop musculoskeletal 
side effects [1]. These effects range from asymptomatic 
elevation of creatine phosphokinase (CPK) to muscle pain, 
muscle weakness, myositis, and rhabdomyolysis. Most 
patients recover spontaneously after discontinuing statin 
treatment.

There are many different risk factors responsible for 
these symptoms. Specifically, it seems that statin-induced 
myopathy is dose- and type-dependent. The risk of myopa-
thy is lower with fluvastatin, pravastatin, and pitavastatin, 
as these statins are not metabolized by CYP3 A4, reduc-
ing the likelihood of drug interactions. In contrast, the 
risk of muscle injury is significantly higher with statins 
extensively metabolized by CYP3 A4, such as lovasta-
tin, simvastatin, and atorvastatin. Additionally, the risk is 
influenced by the patient's age and gender. For this reason, 
various mechanisms have been proposed to explain these 
symptoms, including genetic predisposition and supple-
mentary vitamin D. Among them, immunologically medi-
ated mechanisms are a common cause of muscle symptoms 
in these patients, even after statin withdrawal. [3].

Furthermore, statins can also induce an immune-medi-
ated necrotizing myositis (IMNM) with antibodies against 
HMGCR [1, 4–6]. This condition is usually more severe, 
with significant proximal muscle weakness and strikingly 
elevated CPK levels that persist even after the drug is 
stopped. As the clinical outcome of statin induced IMNM 
can be significantly improved with immunosuppressive 
therapy, it is important to recognize and treat it promptly 
[4–7].

IMNM is an autoimmune disease that can be diagnosed 
through the presence of specific antibodies, primarily 
anti- HMGCR and anti- signal recognition particle (SRP). 
Anti-SRP-positive IMNM is most commonly diagnosed 
in patients in their 40 s or 50 s, and its risk factors are 
less well understood compared to anti-HMGCR-positive 
IMNM. In white populations, no specific HLA haplotype 
has been linked to anti-SRP-positive IMNM, whereas the 
DRB1 08:03 and DRB1 14:03 alleles have been associ-
ated with the disease in Japanese and Korean populations, 
respectively [4, 8].

In contrast, the primary risk factor for anti-HMGCR 
myositis is statin use, as the target of these autoantibod-
ies is similar to that of statins. Statin exposure in these 

patients ranges from 15 to 65%, depending on geographic 
location and ethnicity, with lower rates in Asia, moderate 
rates in Europe, and higher rates in the USA. Age is also 
a factor, as 90% of patients with anti-HMGCR-positive 
IMNM over the age of 50 have been exposed to statins. 
As with other autoimmune diseases, genetic factors may 
influence susceptibility to anti-HMGCR-positive IMNM. 
In adults, the MHC class II allele DRB1 11:01 is strongly 
associated with a predisposition to anti-HMGCR-positive 
IMNM, while in children, the risk is linked to the DRB1 
07:01 allele [4, 9, 10].

Muscle histopathological analysis of anti-HMGCR-pos-
itive patients reveals muscle fiber degeneration, upregula-
tion of MHC-I, and macrophage infiltration, suggesting an 
antibody-mediated toxicity pathway. These autoantibodies 
promote inflammation, oxidative stress, and muscle atro-
phy by reducing IL-4 and IL-13, thereby impairing myoblast 
fusion. In vitro and animal studies confirm their pathogenic 
role, as purified IgG from affected patients induces muscle 
deficiency and necrosis. Complement activation is a key 
mechanism; however, C5 inhibitors have proven ineffec-
tive. [11].

Since patients with statin-induced IMNM often have a 
high risk of cardiovascular disease, a dilemma arises regard-
ing the management of their dyslipidemia. Proprotein con-
vertase subtilisin/kexin type 9 (PCSK9) inhibitors are agents 
that can be used as an alternative when statins are contrain-
dicated. Given that PCSK9 inhibitors reduce HMGCR lev-
els, they are considered a safe option for patients with statin-
induced IMNM [12–18].

We present a series of cases from our department in 
which patients with IMNM were treated with PCSK9 inhibi-
tors for dyslipidemia after their symptoms improved, with 
no relapse of myositis. Additionally, a systematic review of 
related cases was conducted. Although there are many arti-
cles discussing the management of statin induced IMNM, 
few address the specific dyslipidemia treatments that were 
chosen [12–18].

Case‑presentations

We present five female patients with IMNM, with a mean 
age of 65.8 years. The presentation of these cases is based on 
the Case-Based Review Standards (CABARET) [19]. Four 
of these patients had been receiving statin therapy for dys-
lipidemia, while only one had not. The patient who did not 
receive statin therapy tested positive for anti-SRP antibod-
ies, whereas all other patients had elevated levels of anti-
HMGCR antibodies. This evidence supports a correlation 
between anti-HMGCR antibodies and statin use. Atorvasta-
tin was prescribed to all the patients, with a mean treatment 
duration of 50.5 months.
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The clinical presentation varied among patients, although 
CPK levels were consistently elevated. The mean CPK 
level before starting PCSK9 inhibitor therapy was 1028.6 
± 749.43 IU/L, while the most recent measurement after 
myositis treatment and the use of PCSK9 inhibitors was 
within normal limits (135 IU/L). In addition, a muscle 
strength examination was conducted, and pathological find-
ings were present in only two cases. In these two cases (1 
st and 5 th patients), muscle strength returned to normal 
after treatment with PCSK9 inhibitors. Moreover, during 
the diagnostic evaluation, a whole-body computed tomog-
raphy (CT) scan was performed to exclude the possibility of 
undiagnosed cancer. None of the five patients showed any 
signs of cancer.

Following the onset of myositis, statins were discontin-
ued, and treatment with steroids and immunosuppressants 
was initiated. Specifically, all patients received methylpred-
nisolone, and in some cases, additional immunosuppressants 
were required. Methotrexate (MTX) was the preferred drug. 
Depending on the case, methylprednisolone doses, before the 
PCSK9 initiation, varied from 4 mg/day to 40 mg/day One 
patient also required intravenous immunoglobulin (IVIG) 
therapy. In the patient with anti-SRP myositis (4 th patient), 
rituximab was necessary to achieve remission. The interval 
between the onset of myositis and the initiation of PCSK9 
inhibitors varied depending on the patient’s symptoms. 
In one case (1 st patient), PCSK9 inhibitors were started 
simultaneously with MTX, whereas in another patient, they 
were initiated three months after the start of MTX treatment. 
LDL levels were also a critical metric in these cases. It was 
important to assess whether PCSK9 inhibitors were not only 
a safe but also an effective option for these patients. LDL 
levels decreased by more than 50% following treatment with 
PCSK9 inhibitors. It seems that after the onset of IMNM, 
the initiation of PCSK9 inhibitors is a safe and effective 
choice for these patients. Table 1 summarizes the data of our 
department's cases and outlines the characteristics of each.

Methods

Search strategy

Our search strategy was deliberately broad to ensure 
comprehensiveness and include all potential studies 
reporting cases of patients with statin induced IMNM, 
as well as the safety of replacing statins with PCSK9 
inhibitors for managing dyslipidemia. The algorithm 
we used included all commonly relevant terms related 
to necrotizing autoimmune myositis (NAM) and statins. 
Specifically for NAM, we also used the following terms: 
idiopathic inflammatory myopathy, myotoxicity, statin 
induced necrotizing autoimmune myopathy, SINAM, 

HMGCR-associated myositis, necrotizing autoimmune 
myositis, NAM and proximal muscle weakness. 
Furthermore, we applied our algorithm to four different 
databases (PubMed, Scopus, Cochrane (Database of 
Systematic Reviews and CENTRAL) and DOAJ) to ensure 
a comprehensive retrieval of all the literature relevant to our 
study.

Study inclusion and exclusion criteria

We included all articles available up to the search date 
(March 27, 2025) that focused on case reports or reviews 
of SINAM and the safety of replacing statins with PCSK9 
inhibitors. Conversely, we excluded articles involving non-
human subjects and those published in languages other than 
English or French.

Article selection and data extraction

Initially, we evaluated only the titles and abstracts, 
discarding articles that did not meet our criteria. We then 
thoroughly reviewed the remaining articles to assess their 
eligibility for our study (Fig. 1). The extracted data were 
first reviewed for accuracy before being entered into an 
electronic database. The database recorded various details, 
including the paper title, author, year of publication, patient 
gender, age, prescribed statin, duration of statin therapy, 
myositis treatment, treatment outcomes, medications used 
for dyslipidemia after myositis, whether there was a myositis 
flare, and whether LDL levels were lowered (Table 2).

Results

Although many articles discuss statin associated necrotiz-
ing myositis, few address the appropriate lipid-lowering 
treatment that should be administered after the improve-
ment of clinical symptoms. Through this literature review, 
only seven relevant case reports and one study summariz-
ing details from ten patients with the same diagnosis were 
identified [12–18].

In the seven case reports, a total of fifteen patients with 
statin associated myositis were examined. The mean age 
of the patients was 61 years, and the average duration of 
statin use was 6.5 years. Atorvastatin was the most com-
monly administered statin. Myositis typically developed 
while patients were taking statins, although in some cases, 
it occurred after statin discontinuation [11–17]. In the major-
ity of cases, myositis worsened after statins were stopped, 
supporting the autoimmune mechanism of the disease [13, 
14, 16–18]. In Alvarez-Troncoso study, all patients received 
atorvastatin, with a mean dose of 50 mg and an average 
treatment duration of 20.8 months before symptom onset. 
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Additionally, the mean time from symptom onset to drug 
discontinuation was 2.6 months [18].

The severity of symptoms varied among the patients. 
Some experienced mild symptoms, while others had more 
severe symptoms that endangered their lives, with some 
being unable to stand or walk. Specifically, symptoms 
included proximal muscle weakness and myalgias, and 
laboratory tests revealed elevated CPK levels, with the 
highest reported value being 5,838 IU/L. The mean CPK 
value was 1531.9 IU/lt. Elevated C-reactive protein (CRP) 
and myoglobinuria were also observed, and some patients 
were diagnosed with renal failure [12–18]. It is important 
to note that myositis in these cases expressed anti-HMGR 
antibodies, and none of the patients had other types of 
autoantibodies, except in Alvarez-Troncoso study, where 

Fig. 1   Flowchart depicting the search strategy followed in our 
analysis
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3 patients tested positive for antinuclear antibodies (ANA) 
[12–18]. This review also highlighted a diagnostic delay 
between the onset of symptoms and the detection of 
positive antibodies [18]. In all cases, electromyography was 
performed, revealing evidence of myopathy. For instance, 
in Shuster study, rare small myopathic units were observed 
in the gluteal muscles [16]. In some cases, muscle MRI was 
performed and necrotizing myopathy with inflammation was 
found [17, 18]. In all cases, a biopsy was performed, and 
the pathology report indicated interfascicular inflammation, 
muscle atrophy, and actively necrotic muscle fibers [12–18]. 
Specifically, in Close study, the biopsy additionally showed 
macrophage infiltration and extensive endomysial fibrosis 
[14]. In cases of anti-HMGR-myositis, a complete diagnostic 
evaluation must be performed. Other autoimmune diseases 
must be excluded, and therefore an autoantibody panel was 
conducted in each case report. Additionally, tests were 
performed to rule out diabetes and B12 deficiency. Hepatitis 
and HIV tests were also part of the diagnostic evaluation. 
Lastly, imaging tests were used to check for undiagnosed 
cancer [12–18]. In the review, three patients had cancer: 
two were diagnosed before developing myositis, and one 
developed cancer after the myositis diagnosis [18]. On the 
other hand, in the case reports, none of the patients were 
diagnosed with cancer [13–18].

All patients, both in the review and the case reports, 
were treated with steroids and a second immunosuppres-
sant [12–18]. The exception was two patients in Tinakou E. 
study: one was treated only with IVIG, and the other with 
azathioprine (AZA) [14]. Forty percent of the patients were 
treated with steroids and only one other immunosuppres-
sant. AZA was chosen for immunosuppression in 26.6% of 
patients. In the majority of patients, IVIG and MTX were 
selected as the immunosuppressants, specifically in 60% and 
53.3% of the patients, respectively [11–17]. In one patient 
who was treated with steroids and three different immuno-
suppressants, mycophenolate mofetil (MMF) was one of 
the drugs administered at post-hospital discharge [14]. In 
the review, five patients received only MTX, three received 
MTX with IVIG, and one received only IVIG. At the one-
year follow-up, all patients had achieved disease remission, 
with normal CPK levels and improvement in symptoms [18].

Available data concerning dyslipidemia treatment after 
the occurrence of statin associated myositis were presented 
in Table 2. Some case reports mention that a statin rechal-
lenge was attempted, though the reappearance of myositis 
was observed [14, 16, 18]. Specifically, in Close study, a 
patient received a different type of statin for dyslipidemia. 
After a year of myositis, the patient was given a low dose 
of pravastatin instead of atorvastatin. However, a relapse of 
myopathy occurred, with symptoms of muscle weakness and 
elevated CPK levels, necessitating treatment with steroids, 
MTX and IVIG [14].N

o
A

ut
ho

r 
(Y

ea
r)

Se
x/

A
ge

Ty
pe

 o
f 

st
at

in
Pa

st 
st

at
in

-
as

so
ci

at
ed

 
m

ed
ic

al
 

hi
sto

ry

D
ur

at
io

n 
of

 
st

at
in

 tr
ea

t-
m

en
t (

yr
s)

In
iti

at
io

n 
of

 
sy

m
pt

om
s

C
PK

 m
ax

Pa
ne

l o
f 

an
tib

od
ie

s 
fo

r i
nfl

am
-

m
at

or
y 

di
se

as
e

A
nt

i-
H

M
G

C
R

​
M

yo
si

tis
/

M
yo

pa
th

y 
tre

at
m

en
t

Tr
ea

tm
en

t 
ou

tc
om

e
Li

pi
d-

lo
w

-
er

in
g 

tre
at

-
m

en
t a

fte
r 

m
yo

si
tis

M
yo

si
tis

 
fla

re
LD

L

6.
D

io
s 

G
ar

ci
as

-
D

ia
z 

[1
7]

M
/5

7
A

to
rv

as
ta

tin
N

o
2.

2
D

ur
in

g 
st

at
in

24
9.

2 
μk

at
/L

N
eg

Po
si

tiv
e

St
er

oi
ds

, 
M

TX
,IV

IG
Re

so
lu

tio
n

Ev
o- lo
cu

m
ab

N
o

Lo
w

er

M
/6

6
A

to
rv

as
ta

tin
N

o
 >

 4
.5

D
ur

in
g 

st
at

in
18

6.
8 

μk
at

/L
N

eg
Po

si
tiv

e
St

er
oi

ds
, 

A
ZA

,IV
IG

Re
so

lu
tio

n
Ev

o- lo
cu

m
ab

N
o

Lo
w

er

7.
O

br
ej

a 
E.

[1
8]

F/
67

A
to

rv
as

ta
tin

N
o

6
D

ur
in

g 
st

at
in

72
0 

m
g/

dl
N

eg
–

ste
ro

id
 in

je
c-

tio
n 

an
d 

iv
Fr

ee
 o

f 
sy

m
pt

om
s

St
at

in
 

re
ch

al
-

le
ng

e 
(p

ra
va

st
a-

tin
)

Ye
s w

ith
 

IN
M

 
(s

ta
rte

d 
pr

ed
-

ni
so

ne
, 

M
TX

, 
IV

IG
)

Lo
w

er

Ta
bl

e 
2 

(c
on

tin
ue

d)



	 Rheumatology International          (2025) 45:109   109   Page 8 of 12

Similarly, in Obreja study, an attempt at rechallenge was 
made, but a myopathy flare was observed [18]. In Shuster 
study, several efforts were made to tolerate statin therapy 
using different types of statins, but each attempt led to the 
recurrence of myopathy-myositis symptoms. In the final 
attempt, myopathy symptoms reappeared, and the statin 
therapy was discontinued. Two years later, persistent proxi-
mal lower extremity muscle weakness was observed, leading 
to the diagnosis of necrotizing myositis [16].

In every other case report, a change in dyslipidemia treat-
ment was made, with PCSK9 inhibitors considered the best 
option [12, 13, 15, 17]. In all cases, there was no relapse of 
myositis with PCSK9 inhibitors, except for one patient in 
Tinakou study, where active disease persisted, necessitating 
an escalation of immunosuppressant therapy [15]. Lipid lev-
els appeared to be lower after treatment with PCSK9 inhibi-
tors, indicating that this type of dyslipidemia treatment may 
be a safe choice for managing the cardiovascular risk in 
these patients [12, 13, 15, 17].

Finally, in the review, ezetimibe was prescribed to all 
patients. Additionally, two patients were prescribed PCSK9 
inhibitors (evolocumab), and one patient received bempe-
doic acid. Both drugs were well tolerated, and the addition 
of PCSK9 inhibitors enhanced the lipid-lowering effect of 
ezetimibe [18].

Discussion

Statins are one of the most common lipid-lowering treat-
ments, and their mechanism of action involves the inhibi-
tion of HMGCR [1]. According to the European Society of 
Cardiology and American College of Cardiology/American 
Heart Association guidelines, statins are the first-line ther-
apy for primary hypercholesterolemia and the prevention 
of atherosclerotic cardiovascular disease [20–22]. However, 
musculoskeletal side effects may occur during statin treat-
ment, necessitating a postponement or cessation of therapy. 
The most prevalent adverse effects of statins occur in skel-
etal muscle and are typically referred to as statin associated 
muscle symptoms. These effects include myalgias (mus-
cle aches without elevated CK levels), myopathy (muscle 
symptoms accompanied by CK levels exceeding 10 times the 
upper limit of normal), myositis (muscle inflammation), and 
rhabdomyolysis [1, 2, 23–25]. In some cases, these symp-
toms may worsen, leading to the onset of necrotizing myosi-
tis with positive anti-HMGCR antibodies [1, 2]. IMNM is a 
rare disease, with an estimated incidence of 2 to 3 cases per 
100,000 patients treated with statins. It typically occurs in 
adults in their 50 s and 60 s who have been on statin therapy 
for 1 to 2 years, although it can also manifest in individuals 
with no prior history of statin use [5].

Takami’s study investigated the number of reported 
IMNM cases, identifying 172 instances of statin-associated 
IMNM from 145 patient reports between April 1, 2004, 
and March 31, 2023. Rosuvastatin was the most frequently 
implicated statin (34.3%), followed by pitavastatin (25.0%) 
and atorvastatin (22.1%). No cases were reported in patients 
using combination therapies containing statins. The number 
of reported cases increased from 3 in 2015 to a peak of 51 
in 2019, then declined to 22 in 2020, 17 in 2021, and 21 
in 2022. The estimated annual incidence rate remained 
consistently low across all statins, rarely exceeding 5 per 
1,000,000 patients. [26].

IMNM consists of two subtypes: anti-HMGCR antibody 
IMNM, and anti-SRP antibody IMNM. Anti- HMGCR 
IMNM is often associated with statin exposure, while the 
cause of the latter type remains unclear [4–6]. This is further 
demonstrated by our cases, in which the patient who did not 
receive statins developed myositis with the presence of anti-
SRP antibodies. In contrast, in the cases where statins were 
the cause, anti-HMGCR antibodies were expressed.

Statin induced IMNM is characterized by extremely ele-
vated CK levels, often exceeding 10 times the upper limit 
of normal, typically around 45 times the upper limit of nor-
mal. Clinically, patients may experience myalgias along with 
bilateral, proximal, symmetric weakness, which can vary in 
severity. The detection of anti-HMGCR antibodies, demon-
strates a sensitivity of 94.4% and a specificity of 99.3% for 
anti-HMGCR associated myopathy [5, 25, 27–29].

Muscle biopsy may show muscle fibers of varying sizes, 
along with signs of necrosis, regeneration, myophagocytosis, 
and abundance of macrophage infiltration. In up to 25% of 
cases, however, there may be an absence of muscle fiber 
necrosis or perimysial pathology [5, 30].

The pathogenesis of IMNM is not well understood. 
DRB1* 11:01 Class II HLA allele is a genetic risk factor 
for developing anti-HMGCR IMNM. A hypothesis for anti-
HMGCR IMNM development suggests that genetic suscepti-
bility and statin exposure which leads to increased HMGCR 
expression, might result in altered processing of the protein 
in muscle. Cryptic epitopes revealed by aberrant process-
ing or statin binding, might be presented by DRB1* 11:01, 
leading to loss of tolerance to HMGCR and the development 
of anti- HMGCR antibodies. These antibodies recognize 
surface antigen on muscle cells activating the complement 
pathway and resulting in muscle cell necrosis. Regenerating 
muscle cells express the autoantigen and could perpetuate 
destruction of muscle cells even after the discontinuation 
of statins [31, 32]. Another theory is that statin inhibition 
leads to an accumulation of HMG-CoA reductase, which 
may directly cause muscle toxicity and cramping. These 
mechanisms likely interact rather than act independently, 
making the pathogenesis complex and not yet fully under-
stood. [32, 33].
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The review of the literature confirms that statin 
discontinuation is not enough to stop the progression of 
this myositis. A combination therapy with steroids and 
immunosuppressants is necessary [12–18]. Rituximab is 
used in the cases of refractory myositis [34]. Moreover, it 
seems that patients with anti-HMGCR myopathy show a 
strong response to immune suppression, highlighting the 
importance of broader antibody testing in individuals with 
myopathy [35, 36].

The main purpose of this literature review is to evalu-
ate the treatment of dyslipidemia after IMNM. Most arti-
cles in the literature focus on the management of IMNM, 
but few address what happens afterward. This is crucial 
because the risk of cardiovascular events due to dyslipi-
demia remains significant even after the onset of IMNM. 
Therefore, it is essential to determine the appropriate next 
steps in treatment.

Rechallenging with the same or a different statin should 
be avoided, as it can trigger a disease flare. In Obreja Elena’s 
study, a case report described a mistaken diagnosis of sta-
tin-induced myalgia. A different statin was re-administered, 
leading to a recurrence of symptoms. The authors concluded 
that careful evaluation of patient symptoms is essential and 
that SAIMN should be considered in the differential diag-
nosis from the outset [37]. The literature review indicates 
that ezetimibe is the lipid-lowering medication prescribed in 
almost all cases. Its role involves lowering LDL-C by selec-
tively inhibiting the Niemann-Pick C1-like 1 protein, which 
decreases intestinal cholesterol absorption. Additionally, 
ezetimibe inhibits macrophage migration, reduces vascular 
cell adhesion molecule 1 expression, and decreases levels 
of reactive oxygen species, potentially mitigating inflam-
mation [38]. Although it can lower LDL-C levels by 15% to 
20%, it appears to be inadequate as monotherapy for these 
patients [39].

PCSK9 inhibitors seem to be a safe and effective choice 
for these patients. PCSK9 is a proteolytic enzyme that 
indirectly regulates serum low-density lipoprotein choles-
terol (LDL-C) levels by modulating the number of LDL 
receptors on cell surfaces. It plays a crucial role in hepatic 
LDL-C regulation. Although PCSK9 is primarily produced 
in the liver, it is also synthesized in extrahepatic tissues, 
including the kidney, intestine, and central nervous system, 
which may locally regulate LDL receptor expression. When 
PCSK9 binds to the LDL receptor before the LDL particle 
and receptor enter the hepatocyte, it prevents their separa-
tion within the endosome, causing the entire complex to be 
degraded in the lysosome. This results in premature degrada-
tion of the LDL receptor, reducing its presence on the cell 
surface and leading to elevated serum LDL-C levels as less 
LDL-C is cleared by the liver [40–42].

In Moriarty study, PCSK9 inhibitors have been proven 
to reduce LDL-C more effectively than ezetimibe [43]. The 

GAUSS-2 trial demonstrated evolocumab’s superior LDL-C 
reduction and lower myalgia rates compared to ezetimibe but 
lacked a blinded statin rechallenge. GAUSS-3 addressed this 
by incorporating a placebo-controlled rechallenge, confirm-
ing evolocumab’s greater efficacy at 24 weeks. Similarly, 
the ODYSSEY ALTERNATIVE trial found alirocumab 
more effective than ezetimibe in statin-intolerant patients, 
with fewer muscle-related events than atorvastatin [43–46]. 
Through our cases and the review of the literature, we dem-
onstrated that this type of medication is a safe option, with 
none of the patients showing a relapse of myositis [12–18]. 
Only one patient required escalation of immunosuppressive 
therapy due to active disease [15]. LDL levels were also 
lower after treatment with PCSK9 inhibitors, and there were 
no reports of major cardiovascular events associated with the 
use of this category [12–18].

SAIMNM is a rare disease; therefore, ongoing clinician 
education and the expansion of medical knowledge about it 
are essential for early recognition and prompt intervention 
to reduce patient morbidity and improve outcomes.

This study provides important insights into anti-dys-
lipidemia treatment following statin-associated IMNM. 
While many studies in the bibliography focus on myositis 
management, few explore treatment options after myositis 
resolution. Specifically, there are many articles that exam-
ine the diagnostic procedure of SAIMNM [47–51, 53], the 
pathogenesis [50, 52, 58] and the therapeutic strategy for 
this disease [49, 51, 54, 57]. Additionally, some articles have 
been published due to the unusual presentation of SAIMNM 
[54–56]. However, due to its severity, only seven of them 
examine the anti-dyslipidemia treatment of these patients 
after recovering from myositis [12–18]. Given the high risk 
of complications due to dyslipidemia in these patients, it 
is essential to evaluate the next steps in their care. PCSK9 
inhibitors have emerged as a safe and effective lipid-low-
ering therapy in this context. Moreover, understanding 
post-SAIMNM management remains crucial, as limited 
references address appropriate lipid-lowering treatments—
making this the novel focus of our review.

Conclusion

We presented the clinical characteristics of five SAIMNM 
patients treated with PCSK9 inhibitors and conducted a 
literature review to assess their efficacy and safety in this 
context. Statins are one of the main categories of medi-
cation that are prescribed daily, and for this reason, it is 
very important for clinicians to be aware of the possible 
side effects, especially those that may be life-threatening 
to patients. In cases of IMNMs, permanent discontinuation 
of statin therapy is mandatory, along with initiation of ster-
oids and immunosuppressants. In these patients other types 
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of lipid-lowering treatments must be administered. PCSK9 
inhibitors appear to be not only safe but also an effective 
therapeutic choice.

Authors contribution  Substantial contributions to the conception or 
design of the work or the acquisition, analysis, or interpretation of data 
for the work: MY, NT, NG, NK, MK. Drafting the work or reviewing it 
critically for important intellectual content AP, GZ, PV. Final approval 
of the version to be published PV. All co-authors take full responsibility 
for the integrity and accuracy of all aspects of the work.

Funding  Open access funding provided by HEAL-Link Greece. Open 
Access Publishing funded by the University of Ioannina.

Data availability  Data are available within the article.

Declarations 

Conflict of interest  All co-authors declare that they have no known 
competing financial interests or personal relationships that could have 
appeared to influence the work reported in this paper. No part of this 
manuscript, including the text and graphics, are copied or published 
elsewhere in whole or in part. No use of AI for writing and editing.

Ethical approval  Written informed consent was obtained from 
the patients for the publication of these case reports. This study 
was conducted in accordance with the Declaration of Helsinki and 
was approved by the Institutional Review Board of the University 
Hospital of Ioannina (protocol code 227/19.3.2025). The names of 
the ethics committee are as follows: Sioka Chrysa, Natsias Dimitrios, 
Papadopoulos Athanasios, Raras Nikolaos and Koutlas Vassilios.

Informed consent  Written informed consent was obtained from the 
patients for the publication of these case reports.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

	 1.	 Vinci P, Panizon E, Tosoni LM, Cerrato C, Pellicori F, Mearelli F 
et al (2021) Statin-associated myopathy: emphasis on mechanisms 
and targeted therapy. Int J Mol Sci 22(11687):1–20. https://​doi.​
org/​10.​3390/​ijms2​22111​687

	 2.	 Taylor BA, Thompson PD (2018) Statin-associated 
muscle disease: advances in diagnosis and management. 
Neurotherapeutics 15:1006–1017. https://​doi.​org/​10.​1007/​
s13311-​018-​0670-z

	 3.	 Shah M, Shrestha K, Tseng CW, Goyal A, Liewluck T, Gupta 
L (2024) Statin-associated muscle symptoms: a comprehensive 

exploration of epidemiology, pathophysiology, diagnosis, and 
clinical management strategies. Int J Rheum Dis 27(9):e15337. 
https://​doi.​org/​10.​1111/​1756-​185X.​15337

	 4.	 Allenbach Y, Benveniste O, Stenzel W, Boyer O et al (2020) 
Immune-mediated necrotizing myopathy: clinical features and 
pathogenesis. Nat Rev Rheumatol 16(12):689–701. https://​doi.​
org/​10.​1038/​s41584-​020-​00515-9

	 5.	 Mammen AL (2016) Statin-associated autoimmune myopathy. N 
Engl J Med 374(7):664–669. https://​doi.​org/​10.​1056/​NEJMr​a1515​
161

	 6.	 Suh J, Amato AA (2024) Management of immune-mediated 
necrotizing myopathy. Muscle Nerve 70(2):166–172. https://​doi.​
org/​10.​1002/​mus.​28114

	 7.	 O’Callaghan AS (2018) Classification and management of adult 
inflammatory myopathies. Lancet Neurol 17(9):816–828. https://​
doi.​org/​10.​1016/​S1474-​4422(18)​30254-0

	 8.	 Ma X, Bu BT (2022) Anti-SRP immune-mediated necrotizing 
myopathy: A critical review of current concepts. Front Immunol. 
https://​doi.​org/​10.​3389/​fimmu.​2022.​10199​72

	 9.	 Merlonghi G, Antonini G, Garibaldi M (2022) Immune-mediated 
necrotizing myopathy (IMNM): a myopathological challenge. 
Autoimmun Rev 21:102993. https://​doi.​org/​10.​1016/j.​autrev.​2021.​
102993

	10.	 Mohassela P, Mammen AL (2018) Anti-HMGCR Myopathy. J 
Neuromuscular Dis 5:11–20. https://​doi.​org/​10.​3233/​JND-​170282

	11.	 Wu Y, Luo J, Duan L (2024) Pathogenic mechanisms of disease 
in idiopathic inflammatory myopathies: autoantibodies as clues. 
Front Immunol 15:1439807. https://​doi.​org/​10.​3389/​fimmu.​2024.​
14398​07

	12.	 Villa E, Naves R, Bezares K, Cobeña K, Villarroel AC, Guevara 
C (2022) Pearls & oy-sters: managing cholesterol in a patient with 
statin intolerance due to anti-HMG-COA reductase-associated 
myopathy. Am Acad Neurol 99(20):909–913. https://​doi.​org/​10.​
1212/​WNL.​00000​00000​201315

	13.	 Malone M, Lahmar A, Siddique A, Rozboril M, Kresak JS (2023) 
A case of statin-associated autoimmune myopathy: management 
and treatment. J Prim Care Community Health 14:1–3. https://​doi.​
org/​10.​1177/​21501​31922​11486​35

	14.	 Close RM, Close LM, Galdun P, Gerstberger S, Rydberg M, Stine 
LC (2021) Potential implications of six American Indian patients 
with myopathy, statin exposure and anti-HMGCR antibodies. 
Rheumatology (Oxford) 60(2):692–698. https://​doi.​org/​10.​1093/​
rheum​atolo​gy/​keaa3​37

	15.	 Tiniakou E, Rivera E, Mammen AL, Stine LC (2019) Use of 
proprotein convertase subtilisin/kexin type 9 inhibitors in statin-
associated immune-mediated necrotizing myopathy: a case series. 
Arthritis Rheumatol 71(10):1723–1726. https://​doi.​org/​10.​1002/​
art.​40919

	16.	 Shuster S, Awad S (2020) A rare case of statin-induced necrotizing 
autoimmune myopathy. AACE Clin Case Rep 6(2):86–89. https://​
doi.​org/​10.​4158/​ACCR-​2019-​0547

	17.	 Dios Garcıa-Dıaz J, Corral-Bueno IM, Mesa-Latorre JM, 
Lozano-Duran C, Herrnandez-Ahijado C (2019) Proprotein 
convertase Subtilisin/Kexin Type 9 antibody and statin-associated 
autoimmune myopathy. Ann Internal Med 171(1):68–69. https://​
doi.​org/​10.​7326/​L18-​0705

	18.	 Obreja E, Sequeira P, Girnita D (2018) When should a patient with 
statin-induced myopathy be re-challenged? A case of necrotizing 
autoimmune myopathy. Case Rep Rheumatol 2018(1215653):1–5. 
https://​doi.​org/​10.​1155/​2018/​12156​53

	19.	 Benlidayi IC, Gupta L (2024) Case-based review standards 
(cabaret): considerations for authors, reviewers, and editors. J 
Korean Med Sci 39(30):e225. https://​doi.​org/​10.​3346/​jkms.​2024.​
39.​e225

	20.	 Álvarez-Troncoso J, Molina SC, Robles-Marhuenda A, Martínez-
Robles E, José R-B et  al (2023) Therapeutic challenges and 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijms222111687
https://doi.org/10.3390/ijms222111687
https://doi.org/10.1007/s13311-018-0670-z
https://doi.org/10.1007/s13311-018-0670-z
https://doi.org/10.1111/1756-185X.15337
https://doi.org/10.1038/s41584-020-00515-9
https://doi.org/10.1038/s41584-020-00515-9
https://doi.org/10.1056/NEJMra1515161
https://doi.org/10.1056/NEJMra1515161
https://doi.org/10.1002/mus.28114
https://doi.org/10.1002/mus.28114
https://doi.org/10.1016/S1474-4422(18)30254-0
https://doi.org/10.1016/S1474-4422(18)30254-0
https://doi.org/10.3389/fimmu.2022.1019972
https://doi.org/10.1016/j.autrev.2021.102993
https://doi.org/10.1016/j.autrev.2021.102993
https://doi.org/10.3233/JND-170282
https://doi.org/10.3389/fimmu.2024.1439807
https://doi.org/10.3389/fimmu.2024.1439807
https://doi.org/10.1212/WNL.0000000000201315
https://doi.org/10.1212/WNL.0000000000201315
https://doi.org/10.1177/21501319221148635
https://doi.org/10.1177/21501319221148635
https://doi.org/10.1093/rheumatology/keaa337
https://doi.org/10.1093/rheumatology/keaa337
https://doi.org/10.1002/art.40919
https://doi.org/10.1002/art.40919
https://doi.org/10.4158/ACCR-2019-0547
https://doi.org/10.4158/ACCR-2019-0547
https://doi.org/10.7326/L18-0705
https://doi.org/10.7326/L18-0705
https://doi.org/10.1155/2018/1215653
https://doi.org/10.3346/jkms.2024.39.e225
https://doi.org/10.3346/jkms.2024.39.e225


Rheumatology International          (2025) 45:109 	 Page 11 of 12    109 

cardiovascular risk in patients with HMGCR-associated immune-
mediated necrotizing myopathy (HMGR-IMNM) secondary to 
statins. Eur J Intern Med 2023(114):143–145. https://​doi.​org/​10.​
1016/j.​ejim.​2023.​05.​011

	21.	 Reiner Z, Catapano AL, De Backer G, Graham I, Taskinen MR, 
Wiklund O et al (2011) The task force for the management of 
dyslipidaemias of the European society of cardiology (ESC) and 
the European atherosclerosis society (EAS). Eur Heart J 32:1769–
1818. https://​doi.​org/​10.​1093/​eurhe​artj/​ehr158

	22.	 Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger 
ZD et  al (2019) 2019 ACC/AHA guideline on the primary 
prevention of cardiovascular disease: a report of the american 
college of cardiology/american heart association task force on 
clinical practice guidelines. J Am Coll Cardiol 140(11):1396–
1414. https://​doi.​org/​10.​1161/​CIR.​00000​00000​000678

	23.	 Nazir S, Lohani S, Tachamo N, Poudel D, Donato A (2017) Statin-
associated autoimmune myopathy. J Clin Rheumatol 23(3):149–
154. https://​doi.​org/​10.​1097/​RHU.​00000​00000​000497

	24.	 Wright J, Stine LC (2024) Breaking down statin myopathy: 
understanding the self-limited and autoimmune subtypes. 
Rheumatology (Oxford) 63(10):2648–2659. https://​doi.​org/​10.​
1093/​rheum​atolo​gy/​keae2​84

	25.	 Koumas C, Michelassi F (2024) Immune-mediated necrotizing 
myopathies: current landscape. Curr Neurol Neurosci Rep 
24(5):141–150. https://​doi.​org/​10.​1007/​s11910-​024-​01337-y

	26.	 Takami A, Terashima G, Tajima T, Yamashita K, Igarashi A 
(2025) Trends in reports of statin-associated immune-mediated 
necrotizing myopathy using the Japanese adverse drug event 
report database. Drugs Real World Outcomes. https://​doi.​org/​
10.​1007/​s40801-​025-​00481-2

	27.	 Mammen AL, Pak K, Williams EK, Brisson D, Coresh 
J, Selvin E et  al (2012) Rarity of anti-3-hydroxy-3-
methylglutarylcoenzyme a reductase antibodies in statin users, 
including those with self-limited musculoskeletal side effects. 
Arthritis Care Res (Hoboken) 64(2):269–272. https://​doi.​org/​
10.​1002/​ACR.​20662

	28.	 Mammen AL (2022) Statin-associated myalgias and muscle 
injury-recognizing and managing both while still lowering the 
low-density lipoprotein. Rheum Dis Clin North Am 48(2):445–
454. https://​doi.​org/​10.​1016/j.​rdc.​2022.​02.​004

	29.	 Turrin M (2018) Statins and immune-mediated necrotizing 
myopathy. Clin Manage Issues. https://​doi.​org/​10.​7175/​cmi.​v12i1.​
1367

	30.	 Alshehri A, Choksi R, Bucelli R, Pestronk A (2015) Myopathy 
with anti-HMGCR antibodies. Neurol Neuroimmunol 
Neuroinflamm. 2(4):124. https://​doi.​org/​10.​1212/​NXI.​00000​
00000​000124

	31.	 Mammen AL (2016) Autoimmune myopathies. Continuum 
(Minneap Minn). 22:1852–1870. https://​doi.​org/​10.​1212/​01.​CON.​
00005​11070.​50715.​ab

	32.	 Tiniakou E (2020) Statin-associated autoimmune myopathy: 
current prospectives. Theur Clin Risk Manage 16:483–492. 
https://​doi.​org/​10.​2147/​TCRM.​S1979​41

	33.	 Desai I, Modi SK, Subhan A (2024) A case of statin-induced 
necrotizing autoimmune myopathy. Cureus 16(10):e70852. https://​
doi.​org/​10.​7759/​cureus.​70852

	34.	 Landon-Cardinal O, Allenbach Y, Soulages A, Rigolet A, Hervier 
B, Champtiaux N et al (2019) Rituximab in the treatment of 
refractory anti-HMGCR immune-mediated necrotizing myopathy. 
J Rheumatol 46(6):623–627. https://​doi.​org/​10.​3899/​jrheum.​
171495

	35.	 Joseph VMK, Rose EC, Edwards CJ, Lloyd M, Amar SK, 
Wheeler RD (2022) Anti-3-hydroxy-3-methylglutaryl-coenzyme 
a reductase antibodies: incidence using different testing criteria, 
and case series. Clin Exp Rheumatol 40(2):298–303. https://​doi.​
org/​10.​55563/​cline​xprhe​umatol/​5y19bb

	36.	 Abouelazm A, Philops K, Amine A, Golam Y (2024) Statin-
induced, immune-mediated necrotising myopathy triggered by 
malignancy successfully treated with immunosuppression. Clin 
Med (Lond) 24(3):100217. https://​doi.​org/​10.​1016/j.​clinme.​2024.​
100217

	37.	 Obreja E, Sequeira P, Girnita D (2018) When should a patient with 
statin-induced myopathy be re-challenged? A case of necrotizing 
autoimmune myopathy. Case Rep Rheumatol. https://​doi.​org/​10.​
1155/​2018/​12156​53

	38.	 Niedzielski M, Broncel M, Gorzelak-Pabis P, Wozniak E (2020) 
New possible pharmacological targets for statins and ezetimibe. 
Biomed Pharmacother 129:110388. https://​doi.​org/​10.​1016/j.​
biopha.​2020.​110388

	39.	 Zhan S, Tang M, Liu F, Xia P, Shu M, Wu X (2018) Ezetimibe for 
the prevention of cardiovascular disease and all-cause mortality 
events. Cochrane Database Syst Rev. https://​doi.​org/​10.​1002/​
14651​858.​CD012​502.​pub2

	40.	 Roth EM, Davidson MH (2018) PCSK9 inhibitors: mechanism of 
action, efficacy, and safety. Rev Cardiovasc Med 19(S1):S31–S46. 
https://​doi.​org/​10.​3909/​ricm1​9S1S0​002

	41.	 Yadav K, Sharma M, Ferdinand KC (2016) Proprotein convertase 
subtilisin/kexin type 9 (PCSK9) inhibitors: present perspectives 
and future horizons. Nutr Metab Cardiovasc Dis 26(10):853–862. 
https://​doi.​org/​10.​1016/j.​numecd.​2016.​05.​006. (Epub 2016 May 
30)

	42.	 Nair T (2024) Role of PCSK9 inhibitors in the management 
of dyslipidemia. Indian Heart J 76:S44–S50. https://​doi.​org/​10.​
1016/j.​ihj.​2023.​12.​011

	43.	 Moriarty PM, Thompson PD, Cannon CP, Guyton JR, Bergeron 
J, Zieveet FJ et al (2015) Efficacy and safety of alirocumab vs 
ezetimibe in statin-intolerant patients, with a statin rechallenge 
arm: the odyssey alternative randomized trial. J Clin Lipidol 
9(6):758–769. https://​doi.​org/​10.​1016/j.​jacl.​2015.​08.​006

	44.	 Stroes E, Colquhoun D, Sullivan D, Civeira F et  al (2014) 
Anti-PCSK9 antibody effectively lowers cholesterol in patients 
with statin intolerance: the GAUSS-2 randomized, placebo-
controlled phase 3 clinical trial of evolocumab. J Am Coll 
Cardiol 63(23):2541–2548. https://​doi.​org/​10.​1016/j.​jacc.​2014.​
03.​019

	45.	 Nissen SE, Stroes E, Dent-Acosta RE, Rosenson RS, Lehman 
SJ, Sattar N et al (2016) Efficacy and tolerability of evolocumab 
vs ezetimibe in patients with muscle-related statin intolerance: 
the gauss-3 randomized clinical trial. JAMA 315(15):1580–
1590. https://​doi.​org/​10.​1001/​jama.​2016.​3608

	46.	 Moriarty PM, Thompson PD, Cannon CP, Guyton JR, Bergeron 
J, Zieve FJ et al (2015) Efficacy and safety of alirocumab vs 
ezetimibe in statin-intolerant patients, with a statin rechallenge 
arm: the odyssey alternative randomized trial. J Clin Lipidol 
9(6):758–769. https://​doi.​org/​10.​1016/j.​jacl.​2015.​08.​006. 
(Epub 2015 Aug 29)

	47.	 Garabet R, Herr S, Griffin N et  al (2024) Statin-induced 
immune-mediated necrotizing myopathy with concomitant 
increase of anti-HMGCR and anti-ACHR antibodies. Rheumatol 
Int 44:955–959. https://​doi.​org/​10.​1007/​s00296-​024-​05559-8

	48.	 Gagliardo CM, Noto D, Giammanco A et  al (2023) Statin-
induced autoimmune myositis: a proposal of an “experience-
based” diagnostic algorithm from the analysis of 69 patients. 
Intern Emerg Med 18:1095–1107. https://​doi.​org/​10.​1007/​
s11739-​023-​03278-9

	49.	 Khan F, Brady S, Kuttikat A (2023) Challenges in the diagnosis 
and management of immune-mediated necrotising myopathy 
(IMNM) in a patient on long-term statins. Rheumatol Int 43:383–
390. https://​doi.​org/​10.​1007/​s00296-​022-​05230-0

	50.	 Allenbach Y, Benveniste O, Stenzel W et al (2020) Immune-
mediated necrotizing myopathy: clinical features and 

https://doi.org/10.1016/j.ejim.2023.05.011
https://doi.org/10.1016/j.ejim.2023.05.011
https://doi.org/10.1093/eurheartj/ehr158
https://doi.org/10.1161/CIR.0000000000000678
https://doi.org/10.1097/RHU.0000000000000497
https://doi.org/10.1093/rheumatology/keae284
https://doi.org/10.1093/rheumatology/keae284
https://doi.org/10.1007/s11910-024-01337-y
https://doi.org/10.1007/s40801-025-00481-2
https://doi.org/10.1007/s40801-025-00481-2
https://doi.org/10.1002/ACR.20662
https://doi.org/10.1002/ACR.20662
https://doi.org/10.1016/j.rdc.2022.02.004
https://doi.org/10.7175/cmi.v12i1.1367
https://doi.org/10.7175/cmi.v12i1.1367
https://doi.org/10.1212/NXI.0000000000000124
https://doi.org/10.1212/NXI.0000000000000124
https://doi.org/10.1212/01.CON.0000511070.50715.ab
https://doi.org/10.1212/01.CON.0000511070.50715.ab
https://doi.org/10.2147/TCRM.S197941
https://doi.org/10.7759/cureus.70852
https://doi.org/10.7759/cureus.70852
https://doi.org/10.3899/jrheum.171495
https://doi.org/10.3899/jrheum.171495
https://doi.org/10.55563/clinexprheumatol/5y19bb
https://doi.org/10.55563/clinexprheumatol/5y19bb
https://doi.org/10.1016/j.clinme.2024.100217
https://doi.org/10.1016/j.clinme.2024.100217
https://doi.org/10.1155/2018/1215653
https://doi.org/10.1155/2018/1215653
https://doi.org/10.1016/j.biopha.2020.110388
https://doi.org/10.1016/j.biopha.2020.110388
https://doi.org/10.1002/14651858.CD012502.pub2
https://doi.org/10.1002/14651858.CD012502.pub2
https://doi.org/10.3909/ricm19S1S0002
https://doi.org/10.1016/j.numecd.2016.05.006
https://doi.org/10.1016/j.ihj.2023.12.011
https://doi.org/10.1016/j.ihj.2023.12.011
https://doi.org/10.1016/j.jacl.2015.08.006
https://doi.org/10.1016/j.jacc.2014.03.019
https://doi.org/10.1016/j.jacc.2014.03.019
https://doi.org/10.1001/jama.2016.3608
https://doi.org/10.1016/j.jacl.2015.08.006
https://doi.org/10.1007/s00296-024-05559-8
https://doi.org/10.1007/s11739-023-03278-9
https://doi.org/10.1007/s11739-023-03278-9
https://doi.org/10.1007/s00296-022-05230-0


	 Rheumatology International          (2025) 45:109   109   Page 12 of 12

pathogenesis. Nat Rev Rheumatol 16:689–701. https://​doi.​org/​
10.​1038/​s41584-​020-​00515-9

	51.	 Zhou, L. A 40-Year-Old Man with Muscle Pain and Fatigue. 
In: Zhou, L., Burns, D., Cai, C. (eds) A Case-Based Guide to 
Neuromuscular Pathology. Springer, Cham (2020). https://​doi.​org/​
10.​1007/​978-3-​030-​25682-1_​18.

	52.	 Lee WS, Kim J (2019) Statin-induced liver and muscle 
toxicities. Mol Cell Toxicol 15:9–17. https://​doi.​org/​10.​1007/​
s13273-​019-​0002-3

	53.	 Shovman O, Gilburd B, Chayat C et al (2017) Anti-HMGCR 
antibodies demonstrate high diagnostic value in the diagnosis 
of immune-mediated necrotizing myopathy following statin 
exposure. Immunol Res 65:276–281. https://​doi.​org/​10.​1007/​
s12026-​016-​8867-x

	54.	 Ngo LQ, Wu AG, Nguyen MA et al (2016) A case report of 
autoimmune necrotizing myositis presenting as dysphagia and 

neck swelling. BMC Ear Nose Throat Disord 16:7. https://​doi.​
org/​10.​1186/​s12901-​016-​0027-3

	55.	 Nichols L, Pfeifer K, Mammen AL et al (2015) An unusual case of 
statin-induced myopathy: anti-HMGCoA necrotizing autoimmune 
myopathy. J Gen Intern Med 30:1879–1883. https://​doi.​org/​10.​
1007/​s11606-​015-​3303-9

	56.	 Protić D, Baltić S, Stupar NV et al (2014) A case of myositis with 
immunological background associated with statin use. Cent Eur J 
Med 9:619–624. https://​doi.​org/​10.​2478/​s11536-​013-​0313-z

	57.	 Fernandes GH, Zanoteli E, Shinjo SK (2013) Statin-associated 
necrotizing autoimmune myopathy. Mod Rheumatol. https://​doi.​
org/​10.​1007/​s10165-​013-​0837-8

	58.	 Kuncova K, Sedlackova M, Vencovsky J et al (2012) Inflammatory 
myopathy associated with statins: report of three cases. Mod 
Rheumatol. https://​doi.​org/​10.​1007/​s10165-​012-​0778-7

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1038/s41584-020-00515-9
https://doi.org/10.1038/s41584-020-00515-9
https://doi.org/10.1007/978-3-030-25682-1_18
https://doi.org/10.1007/978-3-030-25682-1_18
https://doi.org/10.1007/s13273-019-0002-3
https://doi.org/10.1007/s13273-019-0002-3
https://doi.org/10.1007/s12026-016-8867-x
https://doi.org/10.1007/s12026-016-8867-x
https://doi.org/10.1186/s12901-016-0027-3
https://doi.org/10.1186/s12901-016-0027-3
https://doi.org/10.1007/s11606-015-3303-9
https://doi.org/10.1007/s11606-015-3303-9
https://doi.org/10.2478/s11536-013-0313-z
https://doi.org/10.1007/s10165-013-0837-8
https://doi.org/10.1007/s10165-013-0837-8
https://doi.org/10.1007/s10165-012-0778-7

	Effectiveness of proprotein convertase subtilisinkexin type 9 inhibitors in managing hypercholesterolemia post-statin-associated immune-mediated necrotizing myopathy: report of five cases and literature review
	Abstract
	Introduction
	Case-presentations
	Methods
	Search strategy
	Study inclusion and exclusion criteria
	Article selection and data extraction

	Results
	Discussion
	Conclusion
	References


