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erable attention because of its possible association with statins.
Statins are structural analogues of HMGCR and competitive-
ly inhibit it. Statins are one of the most frequently prescribed
drugs and are taken by more than an estimated 30 million
Americans. Anti-HMGCR myopathy was first identified in
patients with statin exposure,"* but subsequent studies found
that statin exposure in anti-HMGCR myopathy is highly vari-
able and is particularly low in Asia.” The pathogenic mech-
anism of anti-HMGCR myopathy is presumed to involve the
genetic susceptibility of patients and environmental factors
such as statin exposure.® However, its exact pathogenic mech-
anism is unknown. There have only been two previous case
reports of Korean patients with anti-HMGCR myopathy.>"
We therefore measured anti-HMGCR antibodies and analyzed
clinical, radiological, and pathological features in these patients
to understand their characteristics.

METHODS

Patient selection

We reviewed the medical records of patients with myopathy
who were referred to Gangnam Severance Hospital between
January 2002 and March 2022. We then selected 99 patients
with inflammatory myopathy, comprising 82 with polymyo-
sitis, 9 with dermatomyositis, and 8 with inclusion-body my-
ositis. We also selected 63 healthy subjects and 36 patients
with genetic myopathy. The most common genetic myopathy
subgroup was limb-girdle muscular dystrophy in 11 patients,
followed by congenital myopathy in 6, distal myopathy in 4,
facioscapulohumeral muscular dystrophy type I in 3, Becker
muscular dystrophy in 3, myotonic dystrophy in 3, mitochon-
drial myopathy in 3, and metabolic myopathy in 3.

This study was approved by the Institutional Review Board
of Gangnam Severance Hospital, Korea (IRB No. 3-2020-0251).
Written informed consent was obtained from all patients in
accordance with the approved protocol. The study was also
conducted in accordance with the Declaration of Helsinki for
medical research involving human subjects.

Phenotype assessment

Clinical, laboratory, and pathological data were obtained ret-
rospectively by reviewing medical records. Clinical informa-
tion included assessments of the age at symptom onset, dis-
ease duration, muscle impairments, dysphagia, myalgia, skin
lesions, interstitial lung disease, cancers, and treatment regi-
mens. Laboratory analyses included the serum creatine kinase
(CK) level. Physical disability was evaluated using the sev-
en-level modified Rankin Scale (mRS) score as follows: 0, no
symptoms; 1, symptoms but no disability in daily function;
2, slight disability with inability to carry out previous activi-
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ties, but can function without assistance; 3, moderate disabil-
ity requiring some help but able to walk without assistance; 4,
moderately severe with inability to walk without assistance
and the need of assistance for bodily care; 5, severe disability,
bedridden and requiring constant nursing care; and 6, dead."

Patients were considered to have inflammatory myopathy
if they met the 2017 European League Against Rheumatism/
American College of Rheumatology (EULAR/ACR) criteria
for inflammatory myopathies in adults."”” According to this
classification, 99 inflammatory myopathies were classified, with
30 (30%) in the definite inflammatory myopathy group and 69
(70%) in the probable inflammatory myopathy group. Muscle
biopsies were performed on 60 (60%) patients. Further sub-
classification of inclusion-body myositis was followed by the
development of classification trees using the 2017 EULAR/
ACR classification criteria.'”

Anti-HMGCR enzyme-linked immunosorbent assay
Anti-HMGCR antibodies were measured in the sera of 99
patients with inflammatory myopathy, 36 patients with ge-
netic myopathy, and 63 healthy subjects. Enzyme-linked im-
munosorbent assay (ELISA) plates coated with recombinant
HMGCR were incubated using diluted serum. The assay was
performed according to the standard protocol from the man-
ufacturer of the QUANTA Lite assay (Inova Diagnostics, San
Diego, CA, USA)."” The cutoff level for positivity was 20 U/mL.

Line-blot immunoassay for 16 myositis-specific
autoantibodies

We tested 16 myositis-specific autoantibodies (MSAs) in
all of the patients with anti-HMGCR myopathy against the
following antigens: Mi-2a, Mi-2f, TIF1y, MDAS5, NXP2, SAE],
Ku, PM-Scl100, PM-Scl75, Jo-1, SRR, PL-7, PL-12, EJ, OJ, and
Ro-52. These antibodies were tested using the EUROLINE
Autoimmune Inflammatory Myopathies 16 Ag (EUROIM-
MUN, Liibeck, Germany) line-blot immunoassay according
to the standard protocol. EUROIMMUN recommends inter-
preting results based on signal intensity. Signal intensities ex-
ceeding 25 on the EUROLine Scan flatbed scanner generated
medium-to-strong bands and were considered positive re-
sults for the antibodies. Results are expressed as + for medi-
um, ++ for strong, and +++ for very strong bands, with inten-
sity bands determined in comparison with the control band.

Histological examinations

Muscle biopsy was performed on ten patients (P1, P2, P3, P4,
P5, P6, P7, P8, P12, and P14). All histological and histochem-
ical staining procedures were performed on frozen materials.
Sections were cut in a cryostat at -23°C to -25°C. Briefly, 10-pum-
thick sections were prepared for histochemistry analysis. All
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available slides were stained with hematoxylin and eosin, modi-
fied Gomori trichrome, and nicotinamide adenine dinucleo-
tide—tetrazolium reductase, and they were then evaluated by
a pathologist.

Lower-limb magnetic resonance imaging

Seven patients (P2, P4, P5, P6, P7, P10, and P16) underwent
lower-limb magnetic resonance imaging (MRI) of the pel-
vis, thigh, and calf muscles using one of the following three
MRI machines: two 1.5T systems (MAGNETOM Vision or
MAGNETOM Avanto, Siemens, Erlangen, Germany) and
one 3T system (MAGNETOM Vida, Siemens). The imaging
was performed on the axial (field of view [FOV]=24-32 cm,
slice thickness=10 mm, and slice gap=0.5-1.0 mm) and coro-
nal (FOV=38-40 cm, slice thickness=4-5 mm, and slice gap=
0.5-1.0 mm) planes. The protocol used for all patients com-
prised T1-weighted spin-echo (SE) (repetition time [TR]=
570-650 ms, echo time [TE]=14-20 ms, and 12 metrics) and
short tau inversion recovery (STIR)-weighted SE (TR=3,090-
4,900 ms, TE=85-99 ms, and 12 matrices). The degree of fatty
replacement was evaluated according to the Mercuri scale:
grade 0, normal appearance; grade 1, traces of increased sig-
nal intensity; grade 2, increased signal intensity with conflu-
ence in less than 50% of the muscle; grade 3, increased sig-
nal intensity in more than 50% of the muscle; and grade 4,

increased signal intensity over the entire muscle."*"

Statistical analysis

Fisher’s exact test was used to compare discrete variables. The
Mann-Whitney test was used to compare the age at symptom
onset, disease duration, serum CK level, and titer of serum
anti-HMGCR antibodies. The correlations between titers of
anti-HMGCR antibodies and serum CK levels were investi-
gated using Spearman’s correlation analysis. We compared
the mRS scores and the titers of anti-HMGCR antibody be-
tween pre- and posttreatment using the Wilcoxon signed-
rank test. Differences were considered significant at p<0.05.
All statistical analyses were performed using R software (ver-
sion 4.2.0, www.r-project.org).

RESULTS

Anti-HMGCR ELISA

Fig. 1 presents the anti-HMGCR antibody values. Anti-HMGCR
antibody positivity was observed in 17 of 99 (17%) the patients
with inflammatory myopathy. The prevalence of anti-HMGCR
antibodies was highest in patients with polymyositis (15/82,
18%), followed by in those with dermatomyositis (2/9, 22%).
Anti-HMGCR antibodies were negative in all patients with
inclusion-body myositis (0/8) and in 36 patients with genetic
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Fig. 1. HMGCR ELISA. Antibodies reactive with recombinant HMGCR
protein in ELISA in the sera of patients with inflammatory myopathy
and genetic myopathy, and healthy controls. The cutoff level for
positivity is indicated by the broken line (20 U/mL). ELISA, enzyme-
linked immunosorbent assay; HMIGCR, anti-3-hydroxy-3-methylglu-
taryl-coenxyme A reductase.

myopathy. The titer of anti-HMGCR antibodies was elevated
in 3 of 63 healthy subjects (22, 25, and 28 U/mL). However,
the titer of anti-HMGCR antibodies was lower in healthy sub-
jects than in patients with inflammatory myopathy (median=
202 U/mL, interquartile range=162.5-235.5 U/mL). Three
healthy subjects took no statins, had no muscle weakness, and
had normal serum CK levels.

Clinical features of patients with anti-HMGCR
myopathy

Table 1 lists the clinical and pathological features of 17 pa-
tients (4 males and 13 females). The median age at symptom
onset was 60 years (interquartile range=49-73 years). The me-
dian duration from symptom onset to diagnosis was 8 months
(interquartile range=4-9 months). One patient (P8) had lung
squamous cell carcinoma, while no patient had concomitant
interstitial lung disease. The most common symptoms were
proximal muscle weakness in 15 patients (88%), myalgia in
9 (53%), neck weakness in 4 (24%), dysphagia in 3 (18%), and
skin lesions in 2 (12%). The median serum CK level was 7,482
IU/I (interquartile range=4,179.5-11,533.5 IU/I). The median
titer of anti-HMGCR antibody was 202 U/mL (interquartile
range=162.5-235.5 IU/I). The titer of anti-HMGCR was sig-
nificantly associated with serum CK levels in 17 patients (r=
0.606, p=0.010).

Ten (59%) patients had taken statins: eight had taken ator-
vastatin and two had taken rosuvastatin. The median duration
of treatment with statin was 3.5 years (interquartile range=
2.25-7.25 years). We compared the clinical characteristics be-
tween the statin-exposed (n=0) and statin-naive (n=7) groups
(Supplementary Table 1 in the online-only Data Supplement).
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The titer of anti-HMGCR antibodies was significantly higher
in the statin-naive group (median=230 U/mL, interquartile
range=170-443 U/mL vs. median=178 U/mL, interquartile
range=105-210 U/mL; p=0.045). However, there were no
significant differences in sex, age at symptom onset, disease
duration, and serum CK levels between the groups.

We found eight MSAs among nine (53%) patients: autoan-
tibodies against Ro52 in three, and those against Mi2b, MDAS5,
NXP2, O], PL-7, PM75, and SAE1 in one each (Table 1). We
compared the clinical characteristics of the MSA-positive
(n=9) and MSA-negative (n=38) groups (Supplementary Ta-
ble 2 in the online-only Data Supplement). The median du-
ration from symptom onset to diagnosis was significantly
shorter in the MSA-positive group (5 months, interquartile
range=3-8 months vs. 9 months, interquartile range=5-87
months; p=0.027). The median age at symptom onset tended
to be higher in the MSA-positive group (65 years, interquar-
tile range=56-74 years vs. 53 years, interquartile range=45-60
years; p=0.0596). However, there were no differences in sex,
stain exposure status, serum CK levels, or the presence of an-
ti-HMGCR antibodies between the two groups.

Two patients (P7 and P16) with anti-HMGCR myopathy
were initially misdiagnosed with muscular dystrophy, which
delayed the appropriate diagnosis. Patient P7 was initially sus-
pected of polymyositis and treated accordingly. However, ste-

iain

Fig. 2. Pathology of muscle fibers in patients with anti-HMGCR myopathy in patients P7 (A-C) and P6 (D-E). A-F: There were still myopathic

roid therapy did not improve muscle weakness and a biopsy
revealed few necrotic fibers and increased endomysial fibro-
sis without inflammatory cell infiltrates (Fig. 2A-C). There-
after she was misdiagnosed with muscular dystrophy and did
not receive immunotherapy. After 109 months from symp-
tom onset, we suspected that she had IMNM because steroid
use did not improve the muscle strength but decreased the
serum CK level. Patient P16 complained of slowly progressive
muscle weakness at 26 years old. Her condition was initially
mistaken for muscular dystrophy due to its early onset and
slowly progressing weakness. She was referred to our clinic
and was diagnosed with IMNM at 108 months after symp-
tom onset.

The treatment regimens undergone by 17 patients were
analyzed. In two patients (P9 and P17), myalgia was resolved
and the serum CK level normalized after discontinuation of
the statin alone. High-dose intravenous methylprednisolone
pulse therapy and subsequently varying regimens of other
immunosuppressive agents were initially administered to 15
(88%) patients. These regimens included methotrexate in sev-
en patients (41%), azathioprine in five (29%), intravenous
immunoglobulin in five (29%), tacrolimus in one (6%), and
rituximab in one (6%). Seven patients (P1, P2, P3, P4, P5,
P7, and P10) were followed up for 32, 24, 21, 27, 106, 24,
and 20 months, respectively. The mRS scores and titer of an-

changes in patient P7, but endomysial fibrosis was more prominent (A, H&E stain; B, modified GT). Intermyofibrillar network disorganization was
only subtle for staining with NADH-TR (C). Variable muscle fiber sizes with degenerating and regenerating changes were present in patient P6 (D,
H&E). There was no accumulation of nemaline rods, mitochondria (ragged red fibers), or vacuoles (E, GT). There was marked disorganization of in-
termyofibrillar networks (F, NADH-TR). Magnification: X200. GT, Gomori trichrome; H&E, hematoxylin and eosin; HMGCR, anti-3-hydroxy-
3-methylglutaryl-coenxyme A reductase; NADH-TR, nicotinamide adenine dinucleotide-tetrazolium reductase.
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ti-HMGCR antibodies of these patients were compared be-
tween before and after treatment. The mRS score was signifi-
cantly lower after treatment (median=1, interquartile range=
0-2 vs. median=3, interquartile range=2-3; p=0.026) (Fig.
3A). The posttreatment anti-HMGCR antibody titer was also
significantly lower after treatment (median=161, interquartile
range=79-184 vs. median=232, interquartile range=202-252;
p=0.018) (Fig. 3B). These changes were observed in both
statin-exposed (P2, P3, P4, and P5) and statin-naive (P1, P7,
and P10) patients (Fig. 3).

Histological examinations

Necrotic and regenerative fibers were observed using micros-
copy in all cases. The number of degenerative muscle fibers
varied. Rare necrotic fibers with increased endomysial fibrosis
were observed in patient P7 (Fig. 2A-C), and patient P6 had
many necrotic and regenerating fibers (Fig. 2D and E) with and
without some inflammatory cell infiltrations. Few inflamma-
tory cell infiltrates were observed in two patients (P8 and P14).

Lower-limb magnetic resonance imaging

T1-weighted MRI scans of lower-limb muscles indicated pre-
dominant fatty replacements in the thigh muscles, especially
in the gluteus maximus, adductor magnus, adductor brevis,
semimembranosus, long head of the biceps femoris, and semi-
tendinosus muscles (Fig. 4). Those fatty replacements were
not related to age at symptom onset or disease severity, but
they were correlated with the duration between symptom on-
set and diagnosis. Severe fat replacement was observed in two
patients (P7 and P16) in whom treatment was initiated 100
months after symptom onset (Figs. 4 and 5A-H). Obvious
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asymmetric fatty replacement was only observed in patient
P5 (Fig. 4). STIR signal increases were patchy and asymmet-
ric in all patients (Fig. 5I-P).

DISCUSSION

This study measured anti-HMGCR antibodies in 198 Korean
subjects: 99 patients with inflammatory myopathy, 36 patients
with genetic myopathy, and 63 healthy subjects. We found
that 17 of 99 (17%) patients with inflammatory myopathy
were positive for anti-HMGCR antibodies.

We confirmed that the clinical features of Korean patients
with anti-HMGCR myopathy included subacute progres-
sive proximal muscle weakness and greatly elevated serum
CK levels. As in previous reports, the patients were predom-
inantly female."'"® One patient (6%) had cancer. This was also
consistent with previous studies, in which patients with anti-
HMGCR myopathy demonstrated an increased risk of can-
cer, but this risk was not as substantial as with other inflamma-
tory myopathies, especially dermatomyositis.'*** Two patients
presented slowly progressing limb-girdle muscle weakness,
which was also found in previous studies.”* This suggests
that the anti-HMGCR antibody test is necessary not only for
patients with inflammatory myopathies but also for those with
muscular dystrophy. Statin-naive patients with anti-HMGCR
myopathy accounted for 41% of the sample. This was consis-
tent with the proportions of statin-naive patients found in
previous studies (15%-63%).*'%7**** The anti-HMCR anti-
body titer was significantly associated with the serum CK
level in Korean patients, which was consistent with previous

results. >
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Fig. 3. Treatment effects in seven patients (P1, P2, P3, P4, P5, P7, and P10). A and B: Serial changes in the modified Rankin Scale score (A) and titer
of anti-HMGCR antibody (B) between pre- and posttreatment. HMGCR, anti-3-hydroxy-3-methylglutaryl-coenxyme A reductase.
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1.5T MRI
I
Age at exam (Y) 44 73 59
Time from onset to treatment (M) 9 9 109
Modified Rankin scale 3 3 3
Side Right Left Right Left Right Left

[N N N (NN I N N U U O N — Vastus ateralis
[ | ]

[N N N Y N IS ) [ [N [ [ semimembranosus

3.0T MRI
63 73 49 35 -—v—-
9 6 4 108 o 1 2z 3 4
3 3 1 3

Left Right Left Right Left Right Left

[ Adductor longus
- Biceps femoris, long head
[ Adductor brevis
I . o

Gluteus maximus
[ [ Tensor fasciae latae
Semitendinosus
[ [ obturator

[ Rectus femoris
[ I sartorius

I I Peroneus longus
- Vastus intermedius
[ Pectineus

[ lliopsoas

Medial gastrocnemius
Tibialis anterior

Lateral gastrocnemius
Extensor digitorum longus
Flexor digitorum longus
Tibialis posterior

Vastus medialis

Biceps femoris, short head
Gracilis

Gluteus minimus

Gluteus medius
Piriformis

Popliteus

Adductor magnus

Fig. 4. Distribution of fatty replacement observed in T1-weighted images in the lower-limb muscles of patients with anti-HMGCR myopathy. The
heatmap presents the Mercuri scale scores of the studied lower-limb muscles: grade O, normal appearance; grade 1, traces of increased signal in-
tensity; grade 2, increased signal intensity with confluence in less than 50% of the muscle; grade 3, increased signal intensity in more than 50%
of the muscle; and grade 4, increased signal intensity over the entire muscle. HMGCR, 3-hydroxy-3-methylglutaryl-coenxyme A reductase; MRI,

magnetic resonance imaging.

Our study produced three unique clinical findings in Ko-
rean patients with anti-HMGCR myopathy. First, half of the
patients had various MSAs, most commonly anti-Ro52 anti-
bodies. The MSA-positive group was older and their disease
progressed faster than in the MSA-negative group. Two pre-
vious studies found that patients with anti-HMGCR myop-
athy had few or no other MSAs.%” However, those studies in-
cluded few patients with anti-HMGCR myopathy (n=6 and
n=11).%” One of those studies used a line-blot assay, while
the method was not specified for the other. Second, the titer
of anti-HMGCR antibody was significantly higher in statin-
naive than in statin-exposed patients. This finding was the
opposite of that in a previous study.” The reason for this find-
ing remains unclear. However, differences in the titer of anti-
HMGCR antibody may be due to age differences rather than
the statin exposure status. One large-scale study demonstrat-
ed that a lower age predicted more-severe disease regardless
of the statin exposure status, and that muscle strength was in-
versely associated with the titer of anti-HMGCR antibody.*®
Although the difference was not significant in our study; statin-
naive patients tended to be younger. Third, the level of anti-
HMGCR antibody was significantly lower at posttreatment
than at pretreatment in both statin-exposed and -naive pa-
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tients. However, a previous study only found decreased anti-
HMGCR antibodies after immunotherapy in statin-exposed
patients.” These results were insufficient to suggest a definite
clinical relevance because of the small sample and inconsis-
tency with previous results, highlighting the need for further
large-scale studies.

Necrotic and regenerative fibers with minimal inflamma-
tory cell infiltrates were found in all patients. These findings
were consistent with the pathological findings of previous
studies.'”** Lower-limb MRI indicated fatty replacement
in the hamstrings and adductors with patchy and asymmetric
edema. Severe fatty replacement was only found in patients
who received immunotherapy after a long delay. These ra-
diological findings were compatible with previous results.*"*

Our study had several limitations. The main one was its
retrospective nature based on medical records. Second, the
sample was too small to characterize the clinical presentation
of Korean patients with anti-HMGCR myopathy. Further pro-
spective studies are therefore needed to confirm our results.
Third, we could not confirm the results of line-blot immuno-
assay for 16 MSAs using the ELISA or cell-based assay. The
line-blot assay obtains false-positive results about 13% of the
time, and so further testing is needed.”



weces. JCN NN

Fig. 5. Lower-limb muscle MRI of two patients with anti-HMGCR myopathy: patients P7 (A-C, E-G, I-K, and M-0) and P16 (D, H, L, and P). A-P:
Two patients were misdiagnosed as having muscular dystrophy due to slowly progressing muscle weakness and did not receive appropriate treat-
ment for nearly 9 years after symptom onset. MRI was performed at 40 months (A, E, |, and M), 54 months (B, F, J, and N), and 109 months (C, G, K,
and 0) after symptom onset in patient P7 (A-C). At the hip level, T1-weighted images indicated predominant fatty replacement of the obturator
(asterisk, A-D) and gluteus maximus (arrowhead, A-C) muscles over time. At the thigh level, T1-weighted images indicated asymmetric fatty re-
placement of adductors (arrows, E-G), long head of the biceps femoris, and semimembranosus muscles over time. T1-weighted images also pre-
sented predominant fatty replacement of adductors in P16 (arrows, H). Short tau inversion recovery signal increases were patchy and asymmetric

(I-P). MRI, magnetic resonance imaging.

In summary, Korean patients with anti-HMGCR myopa-
thy had subacute, progressive, proximal muscle weakness,
and highly elevated serum CK levels. This study has also re-
vealed unique clinical findings in Korean patients: the fre-
quent coexistence of other MSAs, high titer of anti- HMGCR
antibodies in statin-naive patients, and decreased anti-HMGCR
antibodies after immunotherapy in both statin-exposed and
-naive groups.

In conclusion, this study was the first to measure anti-
HMGCR antibodies in Korean patients with inflammatory
myopathy and to analyze the clinical, pathological, and ra-
diological features of patients with anti-HMGCR myopathy.
We found typical clinical features of anti-HMGCR myopa-
thy and have produced novel findings including the coexis-
tence of other MSAs in Korean patients.
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