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France
A R T I C L E I N F O
Abbreviations: IMNM, immune-mediated necrotizing m
nance imaging; WB-MRI, whole-body MRI; s-IBM, spor
IST, immunosuppressive therapy
* Corresponding author at: Department of Internal M

ogy and Inflammation-Immunopathology-Biotherapy
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Background: Our objective was to define the pattern and severity of muscle damage in immune-mediated
necrotizing myopathy (IMNM) and its relationship with clinical and serological features.
Methods: IMNM patients with a whole-body MRI (n=42) were included and compared to sporadic inclusion-
body myositis (s-IBM) patients (n=60). Fat replacement was estimated using the Mercuri score in 55 muscles.
Overall lesion load was defined as the sum of all abnormal Mercuri scores (reported in % maximal score) and
lesion load quotient was defined as the overall lesion load divided by disease duration. Linear relationships
between variables were assessed and multidimensional analysis was performed to define homogenous
groups of patients.
Results: IMNM patients were aged 48.1§15.8 years and had a disease duration of 9.8§8.1 years. Most
severely affected muscle groups were located in the pelvifemoral and lumbar region. Unsupervised analysis
showed two subgroups of patients: one with mild lesion load (15§10%, n=32/42) and another with severe
lesion load (60§10%, n=10/42: p<0.001) associated with a mean disease duration of 6.8§6.0 years and 19.5§
5.7 years, respectively (p<0.0001). Correlational studies confirmed that disease duration was the most
important predictor of muscle damage. Multivariate analyses demonstrated a more severe involvement in
select muscle groups in females and seropositive patients.
No difference was found in overall lesion load quotient of IMNM compared to IBM (p=0.07) but with a dis-
tinct muscle pattern.
Conclusion: IMNM is associated with severe axial and pelvifemoral muscle damage. Disease duration is an
important predictor of muscle damage. IMNM and s-IBM patients have a comparable damage burden.

Crown Copyright © 2020 Published by Elsevier Inc. All rights reserved.
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Introduction

Immune-mediated necrotizing myopathy (IMNM) has been
recently characterized as a distinct subset of autoimmune myopathy
associated with severe muscle involvement [1�3]. Two autoantibod-
ies have been associated with IMNM � anti-SRP and anti-HMGCR �,
but IMNM can also be found in seronegative patients. A characteristic
pattern of thigh muscle involvement and early muscle damage on
magnetic resonance imaging (MRI) has been reported [3] and may
explain poor muscle strength recovery observed in these patients at
4 years [3,4]. Interestingly, anti-SRP subset has been associated with
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a more severe thigh muscle involvement compared to anti-HMGCR,
in a similar range as sporadic inclusion-body myositis (s-IBM) [3,5,6],
another severely disabling muscle disease [7]. Muscle pattern
involvement in other muscle groups has not been reported nor its
relationship with serological status.

We therefore performed whole-body MRI in order to analyze (i) the
pattern and the severity of muscle damage in IMNM and (ii) its relation-
ship with serological status and the clinical course of the disease.

Material and methods

Patients

We performed a retrospective study including all consecutive
patients with a diagnosis of IMNM according to the ENMC criteria [8]
and who had a whole-body MRI (WB-MRI) between 2011 and 2017.
Anti-HMGCR antibodies were identified using ELISA (Inova Diagnostics,
Inc, San Diego, California) or addressable laser bead immunoassay
(ALBIA, Rouen, France) [9]. Anti-SRP antibodies were identified using
immunodot assays (Inova Diagnostics, Inc, San Diego, California).

Patients with s-IBM according to the Lloyd’s criteria [10] and a
WB-MRI were also included for comparison.

Muscle MRI acquisition

All MRI data were performed on a 3-T clinical system (Trio until
December 2014 or Prisma from January 2015, Siemens Healthineers,
Erlangen, Germany). The standardized protocol included coronal and
axial T1-weighted Turbo Spin Echo images. In the coronal orientation,
TR/TE was 600/9.1 ms on Trio and 800/9.1 ms on Prisma. In the axial
orientation, TR/TE was 507/9.4 ms on Trio and 800/9.8 ms on Prisma.
Slice thickness was 6 mm. Thirty composed coronal images were gen-
erated. In the axial views, 174 slices were obtained (Fig. 1).

Image evaluation

Image analysis was performed by two imaging specialists (CK and
PC) and 55 muscles were evaluated bilaterally. Fat replacement was
estimated in T1 sequence using the Mercuri score (1=normal; 2=mild
Fig. 1. Whole-body magnetic resonance imaging in coronal and axial views. A. Scapular view
Thigh view in IMNM; F. Thigh view in s-IBM; G. Leg view in IMNM; H. Leg view in s-IBM.
involvement and fat replacement <30%, 3=moderate involvement,
30�60%; 4=severe involvement, >60%) (Appendix A).

Muscle damage scoring

Overall lesion load was defined as the sum of all abnormal Mer-
curi scores (�2) evaluated in each muscle (reported in percentage
from minimum 0% to maximum 100%) and lesion load quotient was
defined as the overall lesion load divided by the disease duration
(years) at WB-MRI. Mercuri scores was subsequently adjusted for the
relative muscle mass of each muscles (Appendix-Fig. A).

Statistical analysis

Qualitative data was reported as percentages and quantitative
data was reported as means§standard deviation (SD). Principal Com-
ponent Analysis and Ascending Hierarchical Classification were per-
formed to assess the linear relationships between variables and
define homogenous groups of patients. Multivariate linear regression
was subsequently performed to evaluate predictors of muscle dam-
age. Statistical analyses were performed using R software 3.4.2.

Ethic statements

Written informed consent from each study patient and approval
by local Ethics Committee (CPP Ile De France VI (2013-12-19), CCTIRS
(N°14.323) and CNIL (915139)) was obtained to use medical informa-
tion recorded in the myositis database for scientific purposes.

Results

Patients

Forty-two IMNM patients (anti-HMGCR, n=25; anti-SRP, n=12 and
seronegative, n=5) and 60 s-IBM patients were included. Patients’
characteristics are displayed in Table 1. Disease duration at WB-MRI
was similar in IMNM and s-IBM (9.8§8.1 vs 8.9§5.2 years, respec-
tively).
in IMNM; B. Scapular view in s-IBM; C. Pelvis view in IMNM; D. Pelvis view in s-IBM; E.



Table 1.
Patients characteristics at WB-MRI.

IMNM (n = 42) s-IBM (n = 60)

Female, % 63 47
Age at WB-MRI, yrs 48.1 § 15.8 66.3 § 8.3
Disease duration, yrs 9.8 § 8.1 8.9 § 5.2
Treatment initiation delay, yrs 4.8 § 7.1 NA
Caucasian, % 64 98
Anti-HMGCR, % 60 NA
Anti-SRP, % 28 NA
Seronegative, % 12 NA
Mean cumulative prednisone dose, mg 16,959 NA
Cancer-associated malignancy, % 3 NA
Mean CK level, IU/L 606§580 NA

yrs = years; NA = not applicable.
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Comparable overall muscle damage severity in IMNM vs s-IBM but with
distinct patterns

No difference in overall lesion loadwas observed in IMNM compared
to s-IBM (26§22% vs 22§14%, p=0.3), nor in lesion load quotient (lesion
load divided by disease duration) (14§15 vs 9§8, p=0.07), even when
adjusting for the relative muscle mass of each muscles (Appendix A).
Nevertheless, as expected, the muscle damage pattern was different in
these two myopathies. Most severely affected muscle groups in IMNM
(mean Mercuri§SD) were located in the pelvifemoral muscle groups
(gluteus minimus: 2.7§1.1 and gluteus medius: 2.6§1.1), lumbar region
(lumbar extensors: 2.7§1.1) and shoulder region (subscapularis: 2.7§
1.1) (all p<0.0001 compared to s-IBM, Figs. 1 and 2). On the opposite, in
s-IBM patients’ muscles were preferentially affected in the anterior
muscle thigh compartment (vastus lateralis: 2.7§0.8, vastus medialis:
2.6§0.8 and vastus intermedialis: 2.6§0.8) and in the calf muscles (gas-
trocnemius medial: 2.8§1.1) (all p<0.0001 compared to IMNM, Figs. 1
and 2).
Fig. 2. Heatmap of muscle damage in IMNM vs s-IBM patients. Average mercuri score of all m
(n = 60).
Muscle damage severity is dependent on disease duration

Unsupervised analysis of the IMNM subset showed two groups of
patients: one with a mild lesion load (15§10%, n=32/42) and another
with a severe lesion load (60§10%, n=10/42: p<0.001). Disease dura-
tion at WB-MRI was 6.8§6.0 years compared to 19.5§5.7 years
(p<0.0001) and time from symptom onset to treatment initiation
was longer in the latter group (11.5§9.2 vs 2.5§4.6 years, p<0.0001),
respectively. Correlational studies confirmed that disease duration
was the most important predictor of muscle damage (Appendix-
Table A).

Demographic and serological status impact on muscle damage in IMNM

Multivariate analyses � adjusted for disease duration, age at first
symptoms and time from symptom onset to treatment initiation �
demonstrated a more severe involvement of the gluteus maximus
(p=0.04) and the great adductor (p=0.04) in seropositive (anti-
HMGCR and anti-SRP) patients, and a more severe involvement in
the great adductor (p=0.02) and the vastus lateralis (p=0.02) in
females (Appendix-Table B).

Discussion

To our knowledge, this is the first study reporting the pattern of
muscle involvement and damage in IMNM compared to s-IBM
patients using WB-MRI. We observed that disease duration appears
to be most important predictor of muscle damage and that gender
and serological status may influence muscle damage pattern. Strik-
ingly, overall muscle damage severity was comparable in IMNM and
s-IBM but, as expected, with distinct muscle groups involvement.

Early muscle thigh damage has previously been reported with a
more severe involvement in anti-SRP compared to anti-HMGCR
uscle groups (left and right) in each IMNM patients (n = 42) compared to s-IBM patients
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IMNM [3,5]. In this study, WB-MRI evaluation has permitted to assess
the involvement of other muscles and our data confirm the pelvife-
moral muscle group is predominantly affected in IMNM, neverthe-
less, selective involvement of lumbar and shoulder muscle regions
was also observed. Interestingly, scapular winging has been reported
in IMNM, while this feature is usually considered unusual in other
autoimmune myopathies [11]. Of note, the presence of scapular
winging has previously been reported in up to a third of patients
with a limb-girdle muscular dystrophy (LGMD)-like presentation of
anti-HMGCR myopathy [12].

Amore severe involvement in somemuscle groups was found in sero-
positive patients but we did not observe that anti-SRP patients had more
severe involvement than anti-HMGCR. This may be due to a lack of statis-
tical power related to our small sample size or longer disease duration in
our cohort [12]. Our data also suggest female patients may have a more
severe involvement in somemuscles which is a novel finding in IMNM.

In this study, we report for the first time the overall damage bur-
den in IMNM compared to s-IBM using WB-MRI and adjusting for the
relative muscle mass of each muscle while taking into account the
disease duration, which is a major predictor of muscle damage. Sur-
prisingly, no difference was observed in the damage burden of IMNM
compared to s-IBM even though the former is a treatment-responsive
myopathy while the latter is a severely disabling muscle disease
refractory to standard IST [7] and associated with an annual thigh fat
replacement progression of 3% [13]. This finding may indirectly
reflect the aggressiveness of the IMNM subset and emphasize the
importance of differentiating disease activity vs damage, using MRI
sequences that detect both the inflammation and damage, that are
relevant for assessing muscle weakness in IMNM patients.

We acknowledge that fatty replacement may be influenced by many
factors, in addition to unsuppressed inflammation, including corticoste-
roids, aging and inactivity. Prospective longitudinal WB-MRIs should be
explored to clarify their impact on muscle damage. Our data also under-
line that autoimmune myopathies display a selective pattern of muscle
involvement and its characterization is of importance to refine clinical
assessment of myositis patients for diagnosis purposes [6] but also fol-
low-up after therapeutic interventions. The pattern of involvement
reported herein is consistent with the clinical description of IMNM and
s-IBM where a proximal lower-limb dominant and anterior thigh/leg
involvement has been reported, respectively [14,15].

We acknowledge that many of our patients had a prolonged disease
duration prior to diagnosis and treatment initiation, and patients
referred to our center may represent a subset of more severe and refrac-
tory patients as thirty-eight percent of the patients included in this
study presented a chronic “dystrophy-like” presentation of IMNM
[1,12]. These findings may not be generalizable to the whole spectrum
of IMNM. Nonetheless, our results underline the high damage burden
associated with IMNM. The potential of MRI as a biomarker of damage
progression remain to be explored longitudinally in IMNM patients.

Conclusion

IMNM is associated with a severe muscle damage in the axial and
pelvifemoral muscle groups. Disease duration is an important predictor
of muscle damage and gender and serological status may also influence
muscle damage pattern. IMNM and s-IBM patients have comparable
overall damage burden but with a distinct muscle pattern.
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