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Abstract
Objective
Anti-hydroxy-methyl-glutaryl-coenzyme A reductase (HMGCR) antibody-associated myopathy was recognised as a
new form of immune-mediated necrotising myopathy (IMNM) a decade ago. Due to the rarity of the disease, only
limited data on clinical manifestations and therapeutic outcomes are available.

Methods
We retrospectively analysed a monocentric cohort of HMGCR-associated IMNM patients treated at the University

Medical Centre Gottingen. Clinical, laboratory, and biopsy data, as well as treatment outcomes, were analysed.
In addition, a literature search was performed on published HMGCR IMNM cohorts in Medline and Web of Science

Results

We identified nine patients; five were female. The median age was 68 years (47-77). Six were statin-exposed and older

than statin-naive patients (71 years [65-77] vs. 51 years [47-67]). All had muscle weakness, seven myalgias. Strength
(MRC sum score) was 53/65 (46-61) at baseline and increased to 63/65 (50-65) with therapy. Creatine kinase (CK) levels
decreased from a median level of 12837 U/L (range 6346-25011) to 624 U/L (35-1564 U/L). All received glucocorticoids

(GC) and at least one immunosuppressive therapy. The literature review identified 26 studies comprising 691 patients.

57.9% were female, 61.3% statin exposed. 95.2% had weakness, 39.1% myalgia. Dysphagia affected 28.8%. 84.9%
received GC and a median of 1.5 additional immunosuppressants. Compared to published data, our patients had higher
baseline CK values (12837 [6346-25011] vs. 6951 [2539-10500], p<0.001), and we used azathioprine and intravenous
immunoglobulins (p<0.001) more frequently but methotrexate and rituximab less frequently (p<0.001).

Conclusion

HMGCR-associated IMNM is a rare subset of myositis. With systemic treatment, patients usually achieve partial or
complete remission. Optimal treatment has not been established, but glucocorticoids, azathioprine, and methotrexate

are generally effective with or without intravenous immunoglobulins.
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Introduction

Idiopathic inflammatory myopathies
(IIM) represent a group of chronic
muscle diseases of varying severity.
In addition to polymyositis, dermato-
myositis, overlap myositis, and inclu-
sion body myositis, immune-mediated
necrotising myopathies (IMNM) have
become characterised better in recent
years. IMNM is histologically charac-
terised by muscle fibre necrosis, and
myophagocytosis of varying extent
in the absence or infrequent presence
of lymphocytic infiltrates (1). Based
on associated antibodies, subtypes are
classified according to the 2017 Euro-
pean Neuromuscular Centre criteria:
IMNM with positive anti-SRP or anti-
hydroxy-methyl-glutaryl-coenzyme
A reductase (HMGCR) antibodies are
distinguished from seronegative IMNM
(2). HMGCR is a crucial enzyme of
cholesterol synthesis and the target en-
zyme of statins in treating hypercholes-
terolemia (3). Statin-associated muscle
disease is a common side effect in some
individuals, most often reported as
muscle cramping, myalgia, or muscle
weakness. In addition, rhabdomyoly-
sis can also represent a rare but serious
side effect (4). While these symptoms
generally resolve after the discontinua-
tion of these drugs, about 2-3/100.000
statin users develop therapy-induced
anti-HMGCR-associated IMNM (4).
Nevertheless, the disease can also oc-
cur without statin exposure, particu-
larly in younger patients (5). A decade
ago, anti-HMGCR antibodies were
identified from preserved IIM patient
sera with unknown antibody status (6).
Subsequently, anti-HMGCR-associat-
ed IMNM has been characterised (6).
Nevertheless, due to its rarity, the op-
timal treatment approach has not been
entirely determined in anti-HMGCR+
IMNM. Here, we analysed patients
from our centre with anti-HMGCR+
IMNM and provide a comparative
analysis of published cohorts using an
extensive literature search.

Material and methods

Patient population and data collection
We screened all available muscle biop-
sies at our centre for the presence of ne-
crotising myopathy. Next, we screened

the electronic medical records of all pa-
tients treated for IMNM in the Depart-
ment of Neurology and the Department
of Nephrology and Rheumatology for
the presence of anti-HMGCR antibod-
ies. From the patient records, we col-
lected data on demographic, clinical,
and laboratory parameters as well as
non-invasive and invasive assessments
(electromyography [EMG], nerve con-
duction studies [NCS], and magnetic
resonance imaging [MRI]). Finally,
we assessed treatments and outcomes.
In addition, all patients were evaluated
for past or present statin exposure. The
study was approved by the local ethics
committee and informed consent was
obtained from all included patients.

Antibody testing

Quantitative antibody testing against
HMGCR was performed at an ex-
ternal laboratory (Labor Volkmann,
Karlsruhe, Germany). In all patients,
standard antibody testing included
myositis-specific and myositis-associ-
ated antibodies (Mi-2a., Mi-2f3, TIF1y,
MDAS, NXP2, SAE1, Ku, PM-Scl100,
PM-Scl75, Jo-1, SRP, PL-7, PL-12,
EJ, OJ, and Ro-52 using the Myositis
16 antigen panel, Euroimmun, Liibeck,
Germany).

Outcome data

As outcome data, we assessed the
Medical Research Council-sum score
(MRC sum score). This commonly
used muscle strength score evalu-
ates the muscle strength of six muscle
groups on both sides, including shoul-
der abduction, elbow flexion, wrist
extension, hip flexion, knee extension,
and ankle dorsiflexion. In addition,
neck bending was added for a more
precise information value in this study.
Strength was measured on a scale rang-
ing from O to 5, where O corresponds
to complete plegia, and 5 corresponds
to full strength against resistance. The
addition of each muscle value equals
the MRC sum score (7). Therefore,
the score can range from 0 (complete
plegia) to 65 (normal muscle strength).
Serum levels of creatine kinase (CK)
at baseline and during follow-up were
recorded. Complete remission was de-
fined as the normalisation of CK and
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muscle strength, in line with the defi-
nitions proposed at the 224th ENMC
International Workshop (2).

Muscle biopsies

Muscle biopsies were snap-frozen in
isopentane, cooled by liquid nitrogen
for one minute, sectioned on a cry-
ostat at 6 pm thickness, and air-dried
for 20 minutes (min) at room tempera-
ture (RT). Standard histological (Hae-
matoxylin-eosin [HE], trichrome, oil
red) and enzymatic analyses (NADH,
MAD, MAG, SDH, COX/SDH, acid
phosphatase, non-specific esterase, AT-
Pase pH 4.3; 4,6 and 10,4) were per-
formed. For immunohistochemistry,
six-micrometer sections were fixed in
acetone at -20°C for 10 min, blocked
in H,O, for 10 min, and incubated in
primary antibody (diluted in 10% foe-
tal calf serum) for 90 min at RT. Stain-
ings were visualised with biotinylated
secondary antibodies and finally devel-
oped in diaminobenzidine (DAB). Nu-
clei were counterstained in haematoxy-
lin. The HE stained cross-sections from
six patients were scanned, and regen-
erative and necrotic fibres were count-
ed using cellSens software (Olympus,
Japan).

Literature review

A review of the literature on anti-
HMGCR-associated IMNM was per-
formed using Medline and Web of
Science databases up to July 2021.
Search terms included “anti-HMGCR
myopathy,” “statin-induced autoim-
mune necrotising autoimmune myo-
pathy,” “immune-mediated necrotising
myopathy,” and articles including the
keywords “myositis” and “myopathy”
in combination with “statin.” English
articles with available clinical and lab-
oratory data were included. Case series
were included if they reported at least
five patients. Histopathologic features,
treatment modalities, and outcomes
were extracted when available. Some
studies retrospectively analysed co-
horts published previously; these were
excluded from further review to avoid
double-reporting of data.

Statistical analysis
Demographic data were analysed de-
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scriptively. The Shapiro-Wilk test was
used for the assessment of normality.
As appropriate, parametric and non-
parametric baseline and follow-up data
were compared using either the paired
t-test or Wilcoxon signed-rank test.
Categorical outcomes of frequency
data were analysed using Pearson’s chi-
square test. p-values <0.05 were con-
sidered statistically significant.

Available epidemiologic, clinical, and
laboratory parameters from the lit-
erature search were also presented de-
scriptively. Mean values of CK were
derived from publications or calculated
from pre-existing data sets. In studies
where only median values were report-
ed, the mean value was estimated using
a publicly available calculator config-
ured according to Luo er al. (8). Data

analyses were performed with Graph-
Pad Prism version 9.1 (GraphPad, La
Jolla, California, USA).

Results

Patient cohort

Eight hundred and fifty-six muscle
biopsies available from 2013 to April
2021 were screened for the presence
of necrotising myopathy. Twenty bi-
opsies were identified, and six patients
with positive anti-HMGCR antibodies
were analysed. Three additional sero-
positive patients with histologically
proven IMNM whose muscle biopsies
were performed at external centres
were also included in the analysis (Fig.
1). Five patients were women, and the
median age of the cohort was 68 years
(47-77). Six patients (66.6%) had been
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Table I. Baseline data of the cohort.

Demographic characteristics n=9
Median age at diagnosis, years (range) 68 (47-77)
Females, n (%) 5 (55.6)
Statin exposure, n (%) 6 (66.7)
Atorvastatin, n (%) 4 (66.6)
Simvastatin, n (%) 2 (33.3)
Median age of statin-users, years (range) 71 (65-77)
Median-age of statin-naive patients, years (range) 51 (47-67)
Median time of follow-up, months (range) 33 (5-168)

Laboratory and clinical features

Median CK, U/L (range)

Median MRC sum score, value (range)
Myositis features on MRI, n (%)
Necrotising myositis in biopsy, n (%)
Malignancy, n (%)

12837 (6346-25011)
53 (49-61)
8 (100)
9 (100)
0

CK: creatine kinase; HMGCR: hydroxy-methyl-glutaryl-coenzyme A reductase; MRC sum score:
medical research council manual-muscle-testing for six bilateral muscles and neck bending; MRI:

magnetic resonance imaging.

statin-exposed, four of whom were tak-
ing atorvastatin (66.6%), and two were
taking simvastatin (33.3%). The demo-
graphic characteristics of the patient
cohort are shown in Table I.

The median length of follow-up for
all patients was 33 months (5-168
months). Unfortunately, one patient
died from an aortic rupture unrelated to
IMNM. The clinical data and individ-
ual treatment regimens are presented
in Table II. No malignant disease was

Electromyography and magnetic
resonance imaging findings
Electromyography (EMG) was per-
formed in nine patients showing a myo-
pathic pattern. Eight patients (88.9%) re-
ceived an MRI scan, of which two were
examined with whole-body MRI. Mus-
cle oedema was present in all patients.
Six patients had muscle oedema of the
ischiocrural muscles; two had an affec-
tion of the M. quadriceps femoris. Two
scans demonstrated fatty infiltration,

Pathohistological features

of the muscle biopsies

Evaluation of the six locally available
muscle biopsies demonstrated necro-
tising myopathy in all cases. These
were characterised by a coexistence of
necrotic and regenerating myofibres,
as shown in Figure 2. Lymphocytic
infiltrates were mild in three biopsies
and more prominent in two samples.
Endomysial fibrosis was seen in 50%
(3/6). Trichrome stain showed a sin-
gle ragged-red fibre in two cases and
myofibres with rimmed vacuoles in
one specimen. Immunohistochemi-
cal analysis showed an upregulation
of MHC-I in myofibres of all biopsies.
CD3* and CD8* T cells were present in
six and five biopsies, respectively. Sin-
gle CD20* B cells were detectable in
two specimens. KiM1P showed abun-
dant myophagia in all muscle sections
examined. CD56 was also noticeable
in numerous fibres (in 5 of 5 biopsies
evaluated for CD56). C5b-9/membrane
attack complex (MAC) deposits were
evident in necrotic myofibres (in 5 of 5
biopsies evaluated for MAC deposits).

Treatments
All patients received glucocorticoids
(GC) as induction and maintenance

observed during follow-up. while one patient had muscular atrophy.  therapy, including initial high-dose
Table II. Clinical characteristics, treatment regimens, and outcomes of the Gottingen cohort.
No Sex Ageat Statin exposure Glucocorticoids (dose, mg) Immunosuppression Outcome*
Dx
Pulse Maintenance Ist line 214/3 Jine
1 f 77 Atorvastatin Pred 1 mg/kg 2 mg AZA +1VIg - Partial remission
2 f 65 Simvastatin Pred 1 mg/kg 0 AZA +1VIg MTX + 1VIg Partial remission
3 f 47 - MP 1000 mg x 1 0 AZA +1VIg - Partial remission
4 m 68 Atorvastatin MP 500 mg x 5 10 mg AZA - Complete remission,
GC monotherapy
5 m 74 Atorvastatin MP 500 mg x 3 50 mg AZA +1VIg - CK|,
mild improvement
3 months after Dx
6 m 72 Simvastatin Pred 100 mg x 1 30 mg - - Partial remission, died
from aortic rupture
f 51 - MP 500 mg x 3 5 mg AZA +1VIg MMF +1VIg Complete remission
m 70 Atorvastatin MP 500 mg x 3 5mg AZA +1VIg AZA Partial remission
f 67 - - 2 mg AZA,MTX, MMF + 1VIg IVIg Partial remission,

GC monotherapy

*Qutcome definitions: complete remission was defined as normalisation of CK and strength according to the 224" ENMC International Workshop. Partial
remission refers to an improvement to mild weakness and/or near-normal CK.
AZA: azathioprine; CK: creatine kinase; Dx: diagnosis; f: female; FU: follow-up; GC: glucocorticoids; IVIg: intravenous immunoglobulins; m: male; MMF:
mycophenolate mofetil; MP: methylprednisolone; MTX: methotrexate; Pred: prednisolone.
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Fig. 2. Muscle biopsy analysis.

(A) HE stained section of muscle biopsy showing abundant necrotic fibres (B) and regenerative fibres
(C). Also, note the perivascular infiltrate (arrowheads) A. overview, B+C. Higher magnification of area

depicted in A. Scale bar: A: 50 um, B+C: 20 um.
HE: haematoxylin-eosin.
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Fig. 3. CK (A) and MRC sum score (B) at baseline and follow-up in our cohort.
(A) Elevated baseline CK significantly decreased with immunosuppressive therapy. (B) Reduced
strength recovered to normal function or mild persisting weakness. One patient with severe weakness
showed mild improvement after three months of therapy. ***p<0.001, *p=0.035.
CK: creatine kinase; MRC sum score: medical research council manual-muscle-testing for six bilateral

muscles and neck bending.

therapy in nine patients. Five of these
patients were treated with methylpred-
nisolone as intravenous pulse therapy
(500-1000 mg per day), three patients
were treated with 1 mg/kg oral predni-
solone. One patient was still in steroid
taper after induction therapy at the time
of data analysis; eight were already re-
ceiving or had a history of additional
immunosuppression (IS) as GC-sparing
therapy. The median GC maintenance
dose was 5 mg (0-50 mg) daily. Two
patients were treated without GC; three
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required more than 5 mg of predniso-
lone equivalent per day. Azathioprine
(AZA; 8/9) was the most frequently
used IS at our centre. One patient was
on monotherapy with low-dose GC
therapy after therapy with AZA. Seven
patients were treated with additional
intravenous immunoglobulins (IVIg).
In addition, mycophenolate mofetil
(MMF) and methotrexate (MTX) were
prescribed in two patients each. Rituxi-
mab (RTX) or other more intense im-
munosuppressive therapies, such as

cyclophosphamide (CYC), were not
applied to any patient in our cohort. In-
dividual treatment strategies are shown
in Table II.

Outcome parameters

The median CK at baseline in our
cohort was 12837 U/L (6346-25011
U/L). With treatment, CK levels fell
to median levels of 624 U/L (35-1564
U/L). Strength (MRC sum score) was
documented in seven patients at base-
line and during follow-up. All had
relevant muscle weakness (median 53
[46-61]/65). Two patients had muscle
weakness that was not further speci-
fied. Muscle strength increased to a
median score of 63/65 (50-65/65) at
follow-up. Two patients achieved com-
plete remission (normalisation of CK
and full muscle strength), the other
patients had mild persisting weakness
and/or moderately elevated CK (par-
tial remission). Baseline and follow-up
levels of CK and strength scores are
shown in Figure 3. CK levels and MRC
sum scores improved statistically sig-
nificantly after treatment (p<0.001 and
p=0.035, respectively).

Results of the literature review
Overall characteristics of

the included studies

Our literature search revealed 263 arti-
cles; of these, 26 articles were includ-
ed in the final analysis. Details of the
search process are shown in the flow
chart (Supplementary file S1). All pub-
lications reviewed were retrospective
analyses. Five publications reported
on patients with available preserved
blood samples who were formerly
classified as seronegative myositis (6,
9-12). The clinical manifestations and
immunosuppressive therapies used in
the respective studies are provided in
Supplementary File S2. The included
articles analysed a total number of 639
patients. There was a slight female
predominance with 57.9% women
(327/565); two studies did not report
gender (6,13). In addition, 61.3% were
statin-exposed (392/639), with the lim-
itations that some authors intentionally
included paediatric (14-16), only sta-
tin-exposed (13, 17, 18), or explicitly
statin-naive patients (19).

Clinical and Experimental Rheumatology 2022
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Fig. 4. Comparative analysis of the Gottingen cohort versus literature cohort data.

A. The most frequently reported clinical features in the literature were weakness in 95.2%, myalgia in
39.1%, dysphagia in 28.8, and malignancy in 7.9% of cases, respectively. The bottom of the column
shows the overall number of evaluated patients for the symptoms/features from 26 studies.

B. Baseline CK values were higher than 5000 U/L in most studies. The CK values were statistically

significantly higher in our cohort.

C. Most patients received GC. Other commonly used GC-sparing agents were MTX and IVIG. AZA,
MMF, and RTX were used less often. Compared with the literature cohort, AZA and IVIg were used
significantly more often, while MTX and RTX were used less frequently in our cohort (**p<0.0007;

*#%p<0.0001).

AZA: azathioprine; CK: creatine kinase; GC: glucocorticoids; IVIg: intravenous immunoglobulins;
MTX: methotrexate; MMF: mycophenolate mofetil; RTX: rituximab.

Comparative analysis of clinical
features in the Gottingen cohort
versus the literature cohort

Clinical features from our cohort and
the literature that could be analysed
included weakness, myalgia, dyspha-
gia, and malignancy. Weakness was
the most frequently reported symptom
(100% vs. 550/603 patients from 25/26
studies [95.2%]). Eighteen studies de-
scribed a proximal symmetrical weak-
ness, one article mentioned proximal

Clinical and Experimental Rheumatology 2022

and truncal weakness (20), and one
reported proximal and distal weakness
(15). Next in frequency was myalgia
(77.8% vs. 122/303 patients [39.1%]).
Dysphagia was not present in our co-
hort; in the literature, 15 studies re-
ported it, affecting 107/376 patients
[28.8%]. Finally, no malignancies oc-
curred in our cohort during follow-up.
In the literature cohort, malignant dis-
ease was reported in 32/369 (7.9%) of
patients (Fig. 4A).

Comparison of creatine kinase

in the Gottingen cohort versus

the literature cohort

According to Luo et al., CK values
were reported in 22/26 publications;
the mean value calculation was applied
in one study (21). The median CK was
6951 (2539-10500) U/L and averaged
>5000 U/L in 18/22 studies. Thus, re-
ported CK values of the literature were
significantly lower than in our cohort
(Figure 4B, p<0.001).

Comparative analysis of muscle
biopsies in the Gottingen cohort
versus the literature cohort
Twenty-four studies presented a total
number of 547 muscle biopsies. The
histopathological results were described
heterogeneously; therefore, all reports
of myonecrosis, necrosis/regenerat-
ing fibres, and myofibre regeneration
were collectively assessed as necrotis-
ing myopathy (NM). Here, 94% (514)
of biopsies showed NM. Lymphocytic
infiltrates were described in 30.7%
(81/264), of which 70/233 (30%) were
documented explicitly in combination
with necrosis. Rimmed vacuoles were
mentioned in five studies; here, 6.3%
(8/128) of biopsies were affected (6, 11,
14, 22, 23). Three studies demonstrat-
ed mild endomysial fibrosis in 54.1%
(20/37) of the specimens examined (10,
12, 14).

Immunohistochemical analyses were
reported in 11 studies. The most fre-
quently investigated feature was major
histocompatibility complex (MHC)-I
positivity in 58.7% (91/155) of the cas-
es. C5b-9/membrane attack complex
(MAC) deposits were found in 70.8%
(85/120). MHC-II was tested in only
four studies, of which one study report-
ed positive staining in 2/13 patients (12,
14,24,25).

Comparison of treatment

modalities in the Gottingen cohort
versus the literature cohort

Treatment modalities were available for
391 patients and are depicted in Table III
and Figure 4C. 84.9% (n=332) received
GC as a pulse and/or maintenance ther-
apy. Intravenous immunoglobulins were
used in 158 patients (40.4%). The most
frequently used IS was MTX in 54.7%
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Table III. Characteristics of previously
reported anti-HMGCR myopathy: results
of the literature review.

Demographic characteristics Value

Publications reviewed, n 26

Total patients, n 639

Median age at diagnosis, years 58 (51-77)
(range)

Female gender, n (%)
Statin exposure, n (%)
(n/all patients)

327/565 (57.9)
392/639 (61.3)

Clinical features at baseline

CK, U/L median (range) 6951 (2539-10500)
Muscular weakness, n (%) 50/603 (91.2)
Myalgia, n (%) 122/303 (40.3)
Dysphagia, n (%) 107/376 (28.5)
Malignancy, n (%) 32/369 (7.9)

Treatment
Therapy data available, n of 391
patients
GC,n (%) 332 (84.9)
MTX, n (%) 214 (54.7)
IVIg,n (%) 158 (404)
AZA,n (%) 86 (22)
MMF, n (%) 52 (13.3)
RTX, n (%) 41 (10.5)
IS/patient, median (range) 1.6 (0.67-2)
No immunosuppression, n (%) 8 (2)

AZA: azathioprine; CK: creatine kinase; GC:
glucocorticoids; IVIg: intravenous immunoglob-
ulins; IS: immunosuppressive therapy; MTX:
methotrexate; MMF: mycophenolate mofetil;
RTX: rituximab.

(n=214) followed by AZA in 22%
(n=86), and MMF in 13,3% (n=52) of
cases. Rituximab (RTX) was adminis-
tered in 10.5% of patients (n=41). Other
immunosuppressants, such as cyclo-
phosphamide (2.8%; n=11), tacrolimus
(2.3%; n=9), leflunomide (1%; n=4),
cyclosporine, and abatacept (0,8%, n=3
each) were only used in rare cases. Four
patients were treated with plasmapher-
esis after insufficient medical therapy.
Eight patients were not treated at all
(2%). On average, each patient received
1.51 different non-GC immunosuppres-
sive agents.

Outcome parameters were reported in a
highly variable form. Although a good
overall response to therapy was re-
ported, precise clinical data were only
available in few individual studies.
Several studies described a better out-
come in older and statin-exposed pa-
tients than in younger and statin-naive
patients (19, 22, 24, 26). Paediatric co-
horts showed a more severe and chronic
disease course (14, 15).
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Table I'V. Comparison of histopathological features of muscle biopsies: Géttingen cohort

versus literature cohort.

Gottingen cohort Literature cohort

Total biopsies, n

Histopathological features
NM, n (%)

Inflammation, n (%)

NM + inflammation, n (%)
Rimmed vacuoles + NM, n (%)
Endomysial fibrosis, n (%)
MHC-I, n (%)

MHC-II, n (%)

MAC depositions, n (%)

6 547

6 (100) 514 (94)
5/6 (83.3) 81/264 (30.7)
5/6 (83.3) 70/233 (30)
1/6 (16.7) 8/128 (6.3)
3/6 (50) 29/37 (54.1)

6 (100) 91/155 (58.7)

n.a. 2/64 (3.1)
5/5 (100) 85/120 (70.8)

MAC: membrane attack complex; MHC: major histocompatibility complex; n.a.: not available; NM:

necrotising myopathy.

Discussion

A decade ago, the discovery of anti-
HMGCR antibodies directed against
the 200kD/100-kD proteins in serum
samples from previously seronegative
IMNM patients led to discovering a new
disease subtype (6, 27). Seropositiv-
ity is highly specific for anti-HMGCR-
associated IMNM, and the literature
reports an incidence of 1/1.000.000 per
year (28,29). About 6% of 1IM patients
exhibit this subtype (30). Our literature
search indicates a balanced gender dis-
tribution with a slight female predomi-
nance.

Previous cohorts indicate that muscu-
lar weakness is the leading symptom
in over 90% of patients. In most cases,
symmetrical and proximal involve-
ment of the muscles is clinically appar-
ent, but a truncal distribution has also
been described (20). Thus, weakness
is usually the key symptom of IMNM,
although the exact frequency had not
been determined (31, 32). Noteworthy
is the relatively frequent occurrence of
myalgia and dysphagia, comparable to
other IIM, such as dermatomyositis and
polymyositis (33).

CK was almost universally elevated,
often exceeding values greater than
5000 U/L. Our cohort had compara-
tively high CK, whereas only one co-
hort reported mean values >10000 U/L
(34). However, not all studies may have
reported maximum values. As our lit-
erature review indicates, about 60% of
the patients had been exposed to statins.
Therefore, the clinical picture may re-
semble statin-induced rhabdomyolysis.
Differentiation can be achieved by de-

termining myositis-specific antibod-
ies (4), which we consider standard of
care at our centre. While disease onset
has been reported at any age, young-
er and statin-naive patients have an
overall poorer treatment response and
prognosis (14-16, 26). Of particular
importance is juvenile anti-HMGCR-
associated IMNM with a recurrent and
chronic disease course and a higher dis-
ease burden than in adults. In contrast,
the therapeutic response is generally
favourable in statin-exposed patients
older than 50 years (26). The patients of
our cohort were older, and six had been
exposed to statin therapy. This may ex-
plain the overall good outcome.
Furthermore, no malignancy was de-
tected in our cohort. However, the
literature is inconsistent in this re-
gard. While malignancies have been
described in up to one-third of anti-
HMGCR-associated IMNM patients
within the first 1.5 years of disease
onset (11, 25), most authors did not
find increased cancer rates. Thus, our
reported cancer incidence may be over-
estimated since only studies that pro-
vided explicit information on the num-
ber of malignancies were evaluated.
This contrasts with our experience, that
is, no malignancies in our cohort.
Regarding treatments, GCs have been
administered for induction and/or main-
tenance therapy in most patients in the
literature. Most studies reviewed did
not report the GC dose. GC doses of <5
mg of prednisolone equivalent in our
cohort were feasible in most patients
with completed induction therapy, and
concomitant IS. A mean number of 1.5
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different immunosuppressants were
needed in combination with GC thera-
py, as some patients had a relapsing dis-
ease or side effects with IS. Meyer et al.
demonstrated that in addition to initial
triple therapy with GC/IVIg/IS, early
dual and steroid-free induction with IS/
IVIg also allowed a sufficient mainte-
nance therapy without GC in half of
the reported patients (21). On the other
hand, delayed treatment was associated
with worse outcomes and the need for
intensive maintenance therapy (21).
While AZA and IVIg were administered
as first-line therapy at our centre, most
patients in the literature are treated with
MTX as first-line therapy, alone or in
combination with IVIg (35). In the liter-
ature cohort, about 10% of patients re-
ceived RTX, and some authors suggest
an early application of RTX in order
to prevent permanent muscle damage.
Our data do not support this concept but
rather suggest that an early combination
therapy including GC, immunosuppres-
sives, such as AZA, together with IVIg
can be an efficient treatment strategy.
This is of particular interest in view of
well-known potential unwanted long-
term side effects of RTX, such as per-
sisting B cell depletion or diminished
vaccine efficacy.

Due to its rarity, prospective studies on
therapies of anti-HMGCR-associated
IMNM are lacking (36). In addition,
specific antibody testing is not ubiqui-
tously available, and HMGCR antibod-
ies also had to be tested in an external
laboratory in our cohort. Thus, the true
prevalence might be underestimated,
and the disease often remains undetect-
ed. Furthermore, limited data exist re-
garding increasing or decreasing titres
in correlation with relapses. In our ex-
perience, however, patients with a clini-
cal relapse (rising CK levels, increased
muscle pain/weakness) also show in-
creasing levels of HMGCR antibodies.
These findings have to be corroborated
in further studies.

Limitations exist due to the small num-
ber of cases in our cohort. Symptoms
and clinical characteristics from the lit-
erature review were collected based on
non-standardised descriptions and are
prone to reporting bias. The frequency
of a disease characteristic, e.g. histo-
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chemical staining, was reported based
on the population of cohorts in which it
was described. However, this approach
raises the possibility of overrepresent-
ing certain aspects, as some authors
may have intentionally omitted features
that were not present.
Anti-HMGCR-associated IMNM is an
infrequent cause of muscle weakness
and rhabdomyolysis. We estimate that
less than 750 reports have been pub-
lished, often in small case series. The
literature review of 639 patients and
our cohort highlights that early im-
munosuppression is required in most
cases and leads to muscle strength im-
provement and decreased CK. There-
fore, correct diagnosis is essential for
specific treatment and minimising the
patients’ disease burden. In addition
to immunological laboratory analysis,
representative muscle biopsy of an af-
fected muscle is required for a correct
diagnosis. Future investigations may
focus on glucocorticoid-sparing or GC-
free therapeutic approaches.

Conclusions
Anti-HMGCR-associated IMNM is
an increasingly noticed and generally
well treatable muscle disease. In case
of muscle weakness and CK elevation,
the condition should be considered
not only in statin-exposed patients.
Azathioprine and methotrexate with or
without additional IVIg should be con-
sidered in all patients after remission
induction with GC therapy.
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