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Abstract

Objectives. Evidence-based treatment protocols are currently lacking for immune-mediated necrotizing myopathy
(IMNM). In this multicentre retrospective study, we examined baseline clinical characteristics and treatment varia-
bles that may predict short-term outcomes of patients with IMNM.

Methods. Muscle biopsies from the John Hunter Hospital and the Royal Adelaide Hospital obtained between 2012
and 2019 were reviewed at a single laboratory at South Australia Pathology. All biopsies with histological features
of IMNM were identified. Demographics of study subjects, clinical information and myositis-specific antibody status
were recorded along with muscle strength, serum creatine kinase (CK) and treatment regimens at baseline and 3
and 6months. Primary outcome measures were muscle strength and serum CK at 3 and 6 months. Mixed-effects
regression models in a Bayesian framework were performed using the R statistical package.

Results. Female sex, older age, initial prednisone dose and i.v. methylprednisolone were associated with greater
improvement in serum CK. In patients with moderate-severe disease at baseline, early IVIG was associated with
greater improvement in hip flexor strength at 6 months.

Conclusion. Early IVIG was associated with clinical improvement in the short-term follow-up in IMNM. Female
sex, older age, initial oral prednisone dose and initial use of i.v. methylprednisolone were associated with better
biochemical improvement.
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Rheumatology key messages

o Early IVIG use was associated with greater gains in hip flexor strength for moderate-severe IMNM.

o Older age, female sex and initial use of i.v. methylprednisolone were associated with a greater biochemical
response during follow-up.

o Conventional synthetic DMARDs were not associated with greater improvement in serum CK or muscle strength.
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3-hydroxy-3-methyl-glutaryl-coenzyme A reductase
(HMGCR), signal recognition particle (SRP) and those

Introduction

Immune-mediated necrotizing myopathy (IMNM) is a
recently recognized inflammatory muscle disorder
characterized by subacute proximal muscle weakness,
elevated serum creatine kinase (CK) and myofibre
necrosis with a paucity of inflammation on histopath-
ology [1, 2]. It is subtyped according to myositis-
specific antibodies, specifically antibodies against
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negative for both antibodies (seronegative). Due to its
recent recognition, it was not distinguished from
polymyositis in the 2017 EULAR/ACR Classification
Criteria for Adult and Juvenile Idiopathic Inflammatory
Myopathies [3].

The optimal treatment strategy for IMNM is unknown.
Conventional treatment approaches for IMNM have
been similar to those for other inflammatory myopathies,
including corticosteroids, agents such as methotrexate
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Predictors of outcome of immune-mediated necrotizing myopathy

and azathioprine, IVIG and rituximab. However, IMNM is
considered more refractory to immunosuppression, with
poor muscle strength recovery [1, 2, 4, 5]. The current
evidence supports the use of IVIG, especially for anti-
HMGCR-associated IMNM [4, 6]. Herein we examine
clinical and treatment variables that may affect short-
term outcomes.

Patients and methods
Study design and ethics

This was a retrospective study performed at John
Hunter Hospital (New Lambton Heights, NSW, Australia)
and Royal Adelaide Hospital (Adelaide, SA, Australia).
The protocol was approved by the human research eth-
ics committees at the John Hunter Hospital and Royal
Adelaide Hospital.

Patient selection

The Anatomical Pathology Laboratory at South
Australia Pathology diagnoses necrotizing myopathy
when the dominant histological changes are that of
myofibre necrosis, with a relative paucity of lympho-
cytic infiltrates [6]. All biopsies from both hospitals be-
tween 2012 and 2019 were recorded in the laboratory
database. This database was searched to identify
cases with this diagnosis and each biopsy report was
reviewed by the authors for verification. The medical
records of subjects with necrotizing myopathy were
reviewed. At both centres, subjects were initially
reviewed monthly and, when stabilized, 3 and 6 month
assessments were performed. Data recorded at each
visit as part of standard clinical care included muscle
strength assessments, serum CK levels and treatment
regimen.

The diagnosis of IMNM was made based on clinician
final diagnosis, consistent with the published internation-
al consensus [6]. Only subjects with appropriate clinical,
biochemical and serological features were included.
Demographics, clinical information including symptom
duration, exposure to statin therapy and myositis-
specific antibody (MSA) status were recorded, along
with muscle strength, serum CK levels and treatment
regimens at baseline and follow-up.

Myositis-specific antibodies were tested using a line
immunoassay (Euroimmun, Lubeck, Germany) that
detects antibodies against Mi-2, TIF1-y, MDA5, NXP2,
SAE1, Ku, PM/Scl100, PM/Scl75, Jo-1, SRP, PL-7,
PL-12, OJ, EJ and Ro52. HMGCR antibody testing was
performed at PathWest [7].

Information on initial treatment, defined as treat-
ment given upon clinical and histological diagnosis,
was extracted from the medical records. Baseline
characteristics were collected at the time of initial
treatment, hence all subjects were treatment naive.

https://academic.oup.com/rheumatology

Outcome measures

Primary outcomes were serum CK levels and muscle
strength at 3 and 6 months.

In determining muscle strength, at presentation, clini-
cians recorded detailed muscle strength according to
the Medical Research Council (MRC) scale. During
follow-up, the most consistently examined muscle group
was the hip flexors. Furthermore, a previous study
demonstrated that hip flexors were the most severely
affected in IMNM [8]. Hence we chose hip flexor
strength as an outcome measure. Due to the small num-
ber of subjects, to enable meaningful statistical analy-
ses, we limited our grading of hip flexor strength to four
levels instead of using the full MRC scale. Specifically,
grade 3 in our analysis corresponds to MRC grade 5,
grade 2 to MRC grade 4, grade 1 to moderate weak-
ness or MRC grade 3 and grade O to severe weakness
or MRC grades 0-2. MRC grades 0-2 were combined,
as they correspond to strengths weaker than anti-gravity
and hence significant functional impairment. We consid-
ered a score change of 1 to be clinically relevant.
Although our scale has not been formally validated, it is
likely to correspond to a functional and therefore clinic-
ally meaningful change.

The secondary outcome was glucocorticoid dose dur-
ing follow-up.

Statistical analyses

Statistical analyses were performed with the R statistical
programme [version 4.0.1; R Foundation for Statistical
Computing, Vienna, Austria (https://www.r-project.org)].
Ordinal mixed-effects regression models were used to
assess the predictive ability of patients’ clinical and
treatment characteristics on outcomes. Given the vari-
ability of baseline CK, we performed two different uni-
variate analyses. First, for each variable, we fitted a
mixed-effects model including a fixed categorical effects
for time since diagnosis, the log of initial CK and the
variable of interest. Mean CK levels were estimated from
the posterior distributions, with 95% highest posterior
density intervals. This model allows estimation of
the effects of each variable on serum CK, adjusted to
the baseline CK value. We also included a model on the
percentage reduction in CK, which included fixed cat-
egorical effects for time and the variable of interest.
Multivariate regression models for CK were also per-
formed. Multiple imputations were used for missing val-
ues. The probability of direction (PD) in the Bayesian
convention is expressed as the following: >0.95, pos-
sible; >0.97, likely; >0.99, probable; >0.999, certain.

For muscle strength, we examined the effect of early
IVIG (within 1 month of diagnosis) and i.v. pulse methyl-
prednisolone (IVMP) on hip flexor strength during follow-
up. Since clinicians may be more likely to use IVIG early
in subjects with moderate-severe disease, we also
included a subgroup analysis.
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Results
Patient demographics and baseline characteristics

Forty-six patients with histological findings of IMNM were
identified during the study period. Twelve patients were
excluded. Six were excluded due to unavailability of clin-
ical records through patients being managed at other
institutions or by private rheumatologists and six because
of alternative clinical diagnosis (anti-synthetase syndrome,
n=3; dermatomyositis, n=1; overlap myositis, n=1; sta-
tin-induced rhabdomyolysis, n=1). The demographics
and baseline characteristics of the 34 included subjects
are shown in Table 1. The median age at diagnosis was
65years and there was an equal sex distribution. There
was significant variability in the serum CK at baseline
[median 6546 U/l (range 334-211066 U/)]. Of the MSAs,
15/34 (44.1%) had HMGCR antibodies, 5/34 (17.6%) had
SRP antibodies and 13/34 (35.3%) were seronegative.
The conventional synthetic DMARDS (cs-DMARDs) in this
cohort included mycophenolate, methotrexate and aza-
thioprine. IVMP was administered to 16/34 (47.1%)
subjects as part of initial treatment. Ten (29.4%) received
early IVIG.

Predictors of serum CK

In our cohort, CK nearly normalized over the follow-up
period. The average percentage reduction in CK
was 83% and 92% at 3months and 6months,
respectively.

In the univariate analyses, adjusted for baseline CK,
female sex, older age, higher initial oral prednisone dose
and IVMP use were associated with lower CK at follow-
up. Similarly, female sex, higher initial oral prednisone
dose and IVMP were associated with a higher percent-
age reduction in CK (PD >0.95 for all variables). In con-
trast, cs-DMARDs appeared to be associated with only
a more minor reduction in CK (Supplementary Fig. S1,
available at Rheumatology online).

Two multivariate models were performed. The first
included time since diagnosis, log of baseline CK and
the clinical variables of interest. The second model,
on percentage CK reduction, included variables of
interest and time since diagnosis. In the first model,
initial prednisone dose was more important than early
IVIG or IVMP in predicting serum CK. In the second
model, IVMP was the only treatment-related variable
on the percentage reduction of CK. This suggests that
during short-term follow-up, IVMP rather than IVIG
was associated with more rapid improvement in
CK (Fig. 1). Antibody status did not appear to be
significant.

Response of hip flexor strength to early treatment
with IVIG

We examined the effects of early IVIG on hip flexor
strength. There was no baseline difference between
the early IVIG and no early IVIG groups in sex,
age, serum CK, antibody status, IVMP use or initial
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TasLe 1 Demographics and baseline characteristics
(N=34)

Characteristics Values

Sex, n (%)

Male 18 (52.9)
Female 16 (47.1)
Age at diagnosis (years), n (%)

<60 9 (26.5)
>60 25(73.5)
Duration of symptoms, n (%)

<5weeks 7 (20.6)
5-24 weeks 13 (38.2)
25-52 weeks 5(14.7)
>1year 9 (26.5)
Antibody status, n (%)

HMGCR 15 (44.1)
SRP 6(17.6)
Negative 12 (35.3)
Statin use, n (%)

Previous 5(14.7)
Current 20 (58.8)
Never 7 (20.6)
Initial CK

Median 6546 U/
Range 344-211066 U/I
Initial hip flexor strength® (grade 0-3), n (%)

Grade 3 0(0.0)
Grade 2 8(23.5)
Grade 1 17 (50.0)
Grade 0 9 (26.5)
Initial treatment, n (%)

GC alone 14 (41.2)
GC + IVIG 9 (26.5)
GC + cs-DMARDs 10 (29.4)
Initial IVMP, n (%)

Yes 16 (47.1)
No 18 (52.9)
Initial use of cs-DMARDSs, n (%)

Yes 13(38.2)
No 21(61.8)
Early IVIG, n (%)

Yes 10 (29.4)
No 24 (70.6)

@Due to the small number of subjects in the study, we lim-
ited the number of grades of the hip flexors in our cohort
by combining MRC grades 0-2 into one group.

prednisone dose (Supplementary Table S1, available
at Rheumatology online). However, the early IVIG
group had significantly worse hip flexor strength com-
pared with the no early IVIG group (mean 0.58 vs
1.14, respectively; P=0.03), suggesting clinicians’
preference to use IVIG early for more severe disease.
This difference between the two groups disappeared
during follow-up (Fig. 2A), suggesting that the early
IVIG group had greater improvement than the no early
IVIG group. Numerically, at 3 months, the improvement
between the groups was similar, 0.50 in both groups
(P=1.000). However, at 6 months the mean increase
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Fic. 1 Bayesian proportional odds ordinal logistic model on CK
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Models show fractions of change in CK attributable to each predictor variable. A higher relative explained variation
suggests the particular predictor is more relevant to the change in CK at follow-up. (A) Multivariate analysis for serum
CK at follow-up including a categorical variable time, log of baseline CK and variables of interest. This model shows
the fraction of change in CK values attributable to each predictor variable. Initial treatment, duration of symptoms
and age were dropped from the full model due to redundancy. (B) Multivariate analysis for percentage CK reduction.

Asterisks (**) denote a PD >0.97.

in the early IVIG group was 1.70, compared with 0.87
in the no early IVIG group (P=0.02).

To explore whether the observed response was pri-
marily dependent on the effect of IVIG rather than initial
disease severity, we performed a subgroup analysis of
the 26 subjects with moderate-severe weakness at
baseline (9/26 early IVIG and 17/26 no early IVIG). There
was no difference in baseline CK levels, mean hip flexor
strength, sex, age, antibody status, initial prednisone
dose or IVMP use between the early IVIG and no early
IVIG groups (Supplementary Table S2, available at
Rheumatology online). At 6 months, the early IVIG group
had a higher mean hip flexor strength compared with
the no early IVIG group (2.75 vs 1.77, respectively;
P=0.012; Fig. 2B). Hence early IVIG treatment was
associated with a greater gain in hip flexor strength,
with the benefit seen mainly in patients with moderate—
severe disease.

We examined effects of IVMP use on hip flexor strength.
Baseline hip flexor strength was significantly worse in the
IVMP group (mean 0.56 vs 1.32 for the no IVMP group;
P =0.001). However, there was no difference in the mean
increase in hip flexor strength between the two groups at
3 or 6months (Supplementary Table S3, available at
Rheumatology online).

Effects of IVIG on glucocorticoid dose

We next examined whether early IVIG was associated with
a reduction in the prednisone dose. There was no differ-
ence in the prednisone dose between the early IVIG and
no early IVIG groups at baseline or follow-up. However,
there was a slightly higher mean percentage reduction
(66% vs 52%) in prednisone use in the early IVIG com-
pared with the no early IVIG group (Supplementary Table
S4, available at Rheunatology online).

https://academic.oup.com/rheumatology

Discussion

In the present study, early introduction of IVIG
appeared to be beneficial in IMNM; the gains are es-
pecially demonstrable in those with moderate-severe
weakness.

We show that older age and female sex were associ-
ated with a better biochemical response, consistent with
results from previously published cohorts [6, 8-10].

The treatment of IMNM remains empirical, based on
data from retrospective studies and expert opinions [11].
The benefit of IVIG has been demonstrated in other in-
flammatory myopathies, such as dermatomyositis [5,
10]. Previous studies support the use of IVIG in the
treatment of IMNM, especially in the subset with anti-
HMGCR antibodies [12-14]. In our cohort, we found that
in subjects with moderate-severe muscle weakness at
baseline, early IVIG was associated with better out-
comes as measured by gains in muscle strength during
short-term follow-up. This is consistent with previous
studies in which early treatment was associated with
improved outcomes [15].

Glucocorticoids constitute an important therapeutic
component for IMNM, but when used alone are insuffi-
cient [16, 17]. Therefore cs-DMARDs are used for immu-
nomodulatory and steroid-sparing effects [11]. However,
we were unable to assess the effects of cs-DMARDs in
our cohort because no single cs-DMARD was used con-
sistently and the sample size was small. The effect of
early IVIG on prednisone dose as a secondary outcome
did not reach statistical significance. This reflects the
previous findings that IMNM is more resistant to ther-
apy, further underscoring the importance of improving
treatment protocols.

Consistent with prior reports, the initial use of IVMP
was associated with a rapid reduction in CK [17].
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Fic. 2 Effect of early IVIG on hip flexor strength
4
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A— All subjects.

(9}
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Hip Flexor Strength (0 - 3)
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Baseline 3 months
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B — Subgroup analysis of subjects with moderate-to-severe disease at baseline.

(A) All subjects. At baseline, hip flexor strength was significantly lower in the early IVIG group compared with the no
early IVIG group. At 3 and 6 months follow-up, this difference was no longer observed. (B) Subgroup analysis of sub-
jects with moderate-severe disease at baseline. At baseline, there was no difference in hip flexor strength between
the groups. At 6 months, the group that received early IVIG had significantly better hip flexor strength compared with
the no early IVIG group. y-axis: Grading of hip flexor strength. Grade 0 correspond to MRC grades 0-2, grade 1 cor-
responds to MRC grade 3, grade 2 corresponds to MRC grade 4 and grade 3 correspond to MRC grade 5.

Although IVMP had been suggested to have the poten- was based on clinician choice, making our analyses
tial to induce remission, especially in dermatomyositis, prone to confounding. Nonetheless, the strength of this
such a benefit on muscle strength was not seen here. multicentre study lies in the homogeneously defined

The limitations inherent to retrospective studies need population identified in a single laboratory with expertise
to be considered. Importantly, use of IVIG and IVMP in interpretation of muscle pathology. Our findings
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should prompt larger prospective studies to verify our
findings and to further assess the response to IVIG in
distinct serological subsets of IMNM.
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