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KEYWORDS Abstract

Immuno-mediated Objectives: To describe the main features and the clinical management of a cohort of patients
necrotizing with immune-mediated necrotizing myopathy (IMNM).

myopathies; Methods: We conducted an observational, monocentric, retrospective study of IMNM patients
Inflammatory diagnosed in the Neuromuscular Unit of a tertiary hospital in Madrid (Spain) between 2013 and
myopathies; 2021.

Anti-HMGCR Results: Sixteen IMNM cases were diagnosed, with a median age of 71.5 years (range 36—80),
antibodies; nine of whom (56.3%) were female. Thirteen (81.3%) patients had previously been treated with
Statins statins. The time from symptom onset to diagnosis was less than six months in eleven (68.8%)

patients and the most common clinical symptoms were proximal weakness and myalgia. The only
myositis specific autoantibodies detected were anti-3-hydroxy-3-methyl-coenzyme A reductase
in thirteen patients. The treatment strategy was based on prednisone, although a combination
with other immunosuppressive drugs was required in eight (50%) patients.

Conclusions: There has been an increase in the diagnosis of immune-mediated necrotizing
myopathies in the last few years. The anti-HMGCR antibodies were the only detected in this
sample showing their key role in the diagnosis. Early recognition of the disease facilitate to start
treatment as soon as possible, which should be based on the initial response to corticosteroids
and usually requires a combination of several drugs.
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Miopatia necrotizante inmunomediada: Experiencia en una unidad de Neuromuscular

Objetivos: Describir las caracteristicas principales y el manejo clinico de una cohorte de

Métodos: Estudio observacional, unicéntrico y retrospectivo en el que se incluyeron los casos
de MNIM diagnosticados en la Unidad de Neuromuscular de un hospital terciario en Madrid

Resultados: Dieciséis pacientes con MNIM se incluyeron en el estudio, con una mediana de
edad de 71,5 (rango, 36—80) anos, de los cuales 9 (56,3%) eran mujeres y trece (81,3%)
pacientes habian sido tratados previamente con estatinas. El tiempo transcurrido desde el ini-
cio de sintomas al diagnostico fue menor de seis meses en once (68,8%) casos, y en todos,
la forma de debut fue la aparicion de debilidad proximal en miembros inferiores, seguido
de mialgias como segundo sintoma mas frecuente. En trece pacientes los anticuerpos anti-3-
hidroxi-3-metilglutaril coenzima A reductasa (HMGCR) fueron positivos, siendo estos los Unicos
autoanticuerpos asociados a miositis detectados en la muestra. El abordaje terapéutico ini-
cial se baso en el uso de corticoides, aunque la combinacion con otros inmunosupresores fue

Conclusiones: El diagnostico de MNIM dentro de las miopatias inflamatorias ha aumentado en
los ultimos afos. En nuestra muestra los Unicos anticuerpos detectados fueron los anti-HMGCR,
una pieza clave en el diagnostico diferencial con otras miopatias inflamatorias. El tratamiento
de la enfermedad debe ser individualizado teniendo en cuenta la respuesta inicial a corticoides

© 2024 Sociedad Espanola de Neurologia. Publicado por Elsevier Espana, S.L.U. Este es un
articulo Open Access bajo la CC BY-NC-ND licencia (http://creativecommons.org/licencias/by-

PALABRAS CLAVE
Miopatia necrotizante
inmunomediada; Resumen
Miopatias )
inflamatorias; pacientes con miopatia necrotizante inmunomediada (MNIM).
Anticuerpos
anti-HMGCR
(Espana) entre los afios 2013 y 2021.
necesaria desde el inicio en ocho (50%) casos.
y puede requerir la combinacion de varios farmacos.
nc-nd/4.0/).
Introduction

Idiopathic inflammatory myopathies (IIM) are a heteroge-
neous group of diseases characterised by inflammation of the
muscles accompanied by extra-muscular symptoms affecting
the skin, lungs, heart, and joints. Incidence varies between
types of IIM." Laboratory tests include the determination
of specific antibodies, which manifest in approximately
60%-70% of the patients with IIM and are very useful in diag-
nosis and for identifying different groups with their own
characteristics.?>

Another fundamental test for the diagnosis of IIM is
muscle biopsy, as the different histological characteristics
together with clinical data and the presence of antibodies
have enabled researchers to develop a system to classify
the different lIMs into 4 main subgroups: dermatomyosi-
tis, myositis associated with anti-synthetase syndrome,
inclusion body myositis, and immune-mediated necrotizing
myopathy (IMNM).*

Of these subgroups, IMNM was the most recently
described, and it is characterised by more severe mus-
cle weakness, higher levels of creatine kinase (CK), and
rarely present with extra-muscular manifestations.> The
first milestone in the description of IMNM was the descrip-
tion of antibodies against the signal recognition particle
(anti-SRP).6~# After the publication of several studies, the
designation ‘‘anti-SRP myositis’’ began to be used to refer
to a group of IIMs associated with these antibodies. Soon
after, the main histological characteristics were defined,
with necrotic fibres and scarce inflammatory infiltrates,

which led to the recognition of IMNM as a separate entity
within the group of 1IMs in 2003.° In 2010, a new antibody
was detected, whose target is the enzyme 3-hydroxy-3-
methylglutaryl coenzyme-A reductase (HMGR) in patients
diagnosed with IMNM.™® This enzyme catalyses key reac-
tions in cholesterol biosynthesis, and its expression in the
cell membrane is increased in patients treated with statins,
which may be a significant mechanism in the pathophysiol-
ogy of the disease; however, the same antibodies have also
been detected in patients who have never received lipid-
lowering drugs.'" Lastly, there is a third subgroup within the
group of patients with IMNM that represents approximately
40% of cases, in which no antibody is detected.?

The therapeutic management of patients with IMNM is
based on case series and expert consensus statements, and
includes, in addition to corticosteroids, various immuno-
suppressants and immunomodulators, which are used in
combination to control the disease.'® Furthermore, it would
be necessary to screen for a possible underlying cancer,
which has been associated with seronegative forms, and
more controversially, with IMNM associated with anti-HMGCR
antibodies. '

Methods

We performed a retrospective review of the database of
the neuromuscular diseases unit at Hospital General Uni-
versitario Gregorio Marandn (Madrid), which identified cases
of IMNM diagnosed between 2013 and 2021. The inclu-
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sion criteria were adapted from the last consensus on the
clinico-sero-pathological classification of IMNM of the Euro-
pean Neuromuscular Centre (ENMC)."3 In addition to muscle
biopsy findings compatible with necrotic or regenerative
fibres in the absence of inflammatory infiltrates or with
scarce inflammatory infiltrates, high levels of CK and recent
onset of muscle weakness were required.'?

The exclusion criteria were not meeting all inclusion cri-
teria, family history of hereditary myopathy with a known
genetic cause, and findings in the muscle biopsy or the
remaining complementary tests suggestive of another alter-
native cause.

In each case, we reviewed the patient’s clinical history
and collected demographic and clinical data and the date of
diagnosis. Based on the time since symptom onset, patients
were classified as: acute onset (less than 4 weeks), subacute
onset (between 4 weeks and 6 months), or chronic onset
(more than 6 months from onset). We assessed the pattern
of muscle weakness (lower limbs vs upper limbs, proximal
vs distal, symmetrical vs asymmetrical) and measured the
degree of severity using the Medical Research Council (MRC)
scale, considering weakness severe when the MRC scale
score was < 3/5 in any of the muscle groups analysed.

We subsequently analysed the complementary tests
performed after the first examination at the neu-
rology consultation and gathered CK values and the
results of the autoimmune study. Immunoglobulin G-type
myositis-specific antibodies were analysed in serum using
the dot-blot technique (MYO12D-24, D-tek, Mons, Bel-
gium), which detects and semiquantitatively measures
12 autoantibodies: anti-histidyl-tRNA synthetase (Jo1),
anti-threonyl-tRNA synthetase (PL7), anti-alanyl-tRNA syn-
thetase (PL-12), anti-glycyl-tRNA synthetase (EJ), anti-SRP,
anti-nucleosome remodelling deacetylase (Mi2), anti-
melanoma differentiation-associated protein 5 (MDA5), anti-
transcription intermediary factor 1 vy (TIF1-v), anti-HMGCR,
anti—Sjogren’s-syndrome—related antigen A autoantibod-
ies (SSA/Ro52kD), small ubiquitin-like modifier activating
enzyme 1/2 (SAE 1/2), and anti-nuclear matrix protein 2
(NXP2).

An electromyography study was performed in all cases.
The study was conducted by the neurophysiology depart-
ment, and included an assessment of both activity at rest,
to evaluate the presence of spontaneous activity, and activ-
ity during mild and maximal contraction, for the analysis
of motor unit potentials (MUP). The number of muscles
assessed in each patient was determined according to the
physician’s clinical judgement, including proximal and distal
muscles of the upper limbs (trapezius, deltoids, flexor carpi
radialis, biceps brachii, first dorsal interosseous, flexor dig-
itorum longus) and lower limbs (iliopsoas, gluteus medius,
tensor fasciae latae, rectus femoris, vastus lateralis, biceps
femoris, tibialis anterior, and lateral gastrocnemius). No
follow-up neurophysiological studies were performed.

When available, we reviewed whole-body muscle MRI
studies, including T1-weighted turbo spin echo (TSE)
sequences, and T2-weighted short tau inversion recovery
(STIR) sequences.

Muscle biopsies, obtained at the time of diagnosis, were
processed and assessed by the Department of Anatomical
Pathology. First, samples were obtained and cryopreserved
at —80 °C, whereas a small fragment was preserved

in glutaraldehyde for the ultrastructural analysis. Rou-
tine staining included: haematoxylin-eosin (HE), Gomori
trichrome stain, periodic acid—Schiff stain (PAS), Oil-Red
O, ATPase 42, ATPase 46, ATPase 94, NADH 30, succi-
nate, and COX-succinate. Immunohistochemistry studies
were subsequently performed to complete the inflamma-
tory myopathy study, including CD3, CD20, CD68, p62, and
HLA-I labelling. The antibodies used were: anti-CD3 (Agilent,
polyclonal rabbit anti-human), anti-CD20 (Agilent, mono-
clonal mouse anti-human clone L26), anti-CD68 (Agilent,
monoclonal mouse anti-human clone PG-M1), anti-p62 (BD
Transduction Laboratories, purified mouse anti-human clone
45/p62 [dok]), and anti-HLA-I (Agilent, monoclonal mouse
anti-human clone W6/32); the manufacturers’ staining pro-
tocols were followed in all cases.

Regarding the clinical management of patients with
IMNM, we collected all data on the administration of differ-
ent immunosuppressants, including the details of different
treatment regimens, and whether or not they were used
in combination. Treatment strategies were classified in
accordance with the number of treatments administered:
monotherapy (one single drug), bitherapy (2 drugs), or poly-
therapy (3 or more drugs).

Clinical response to treatment was reassessed at 6
months of follow-up, both subjectively (improvement, wors-
ening, or stabilisation of symptoms) and objectively (muscle
strength according to the MRC scale). CK levels were mea-
sured at 6 months, as well as the level of disability (modified
Rankin Scale).' All relapses were reported during the study
follow-up period, and the diagnosis of cancer associated
with myositis was considered in patients whose cancer diag-
nosis was established in the 3 years following the diagnosis
of IMNM, in accordance with the criteria for the diagnosis of
cancer-associated myositis. '

This study was approved by the medication research
ethics committee of the Institute of Health Research at Hos-
pital General Universitario Gregorio Maraion.

Statistical analysis

Statistical analysis was conducted using the Statistical
Package for Social Sciences (SPSS) software, version 21. Cat-
egorical variables are expressed as the number of cases and
percentages, and continuous variables as ranges and medi-
ans.

Results

Sixteen patients met all selection criteria and were included
in the study. The first noteworthy finding was the upward
trend in the diagnosis of IMNM in our sample, with the num-
ber of patients diagnosed per year progressively increasing
from 2013 to 2021 (Fig. 1).

Demographic characteristics and clinical data

The median age at symptom onset was 71.5 years (range,
36—80); 9 patients (56.3%) were women. Before symptom
onset, 13 patients (80.3%) had received treatment with
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Figure 1

statins, with atorvastatin being the most frequently admin-
istered (used in 9 patients; 62.5%), followed by simvastatin
and rosuvastatin (in 2 patients [12.5%] each).

The time elapsed from symptom onset to diagnosis was
shorter than 6 months in 11 patients (68.8%); the most fre-
quent type of presentation was subacute, in 9 cases (56.3%).

Proximal muscle weakness in the limbs was the initial
symptom in all patients, and was considered severe in 10
(62.5%). Involvement was symmetrical in 15 patients (93.8%)
and more pronounced in the lower limbs in 11 patients
(68.8%), whereas the upper and lower limbs were similarly
affected in the remaining 5 (31.2%). The second most fre-
quent symptom was myalgia (12 patients; 75%), followed by
neck weakness and dysphagia, observed in 4 patients (25%)
each.

In 2 cases (11.8%), muscle weakness was accompanied by
other extra-muscular manifestations associated with exist-
ing diagnoses of immune-mediated diseases: membranous
nephropathy with antiphospholipid syndrome secondary to
an autoimmune disease of unknown origin in one case and
systemic vasculitis in the other.

Complementary laboratory tests

Median CK value was 4746 IU/L (range, 1001—9856 IU/L).

The autoimmunity studies performed to analyse the
presence of myositis-specific autoantibodies detected anti-
HMGCR antibodies in 13 patients (81.3%), 11 of whom
(84.6%) were receiving treatment with statins before symp-
tom onset; in the group of 3 seronegative patients, 2
(66.7%) were also receiving statins. No patient presented
anti-SRP antibodies associated with IMNM. The seronegative
group included 2 patients with extra-muscular manifesta-
tions associated with a systemic autoimmune disease and
one patient who presented the typical symptoms of the dis-
ease.

Regarding the remaining analytical studies, we should
underscore that antinuclear antibodies were positive in 2
cases (12.5%), associated with systemic vasculitis in one

Graph showing the increasing number of cumulative cases of IMNM.

Table 1 Main demographic characteristics, clinical data,
and laboratory test results in 16 patients with immune-
mediated necrotizing myopathy.

Total (N=16)

Age in years, median (range) 71.5 (36—80)
Women, n (%) 9 (56.3)
Previous statin treatment, n (%) 13 (81.3)

Atorvastatin 9

Simvastatin 2

Rosuvastatin 2
Clinical course, n (%)

Acute (<4 weeks) 2 (12.5)

Subacute (4 weeks-6 months) 9 (56.3)

Chronic (> 6 months) 5 (31.3)
Clinical symptoms, n (%)

Proximal muscle weakness 16 (100)

Myalgia 12 (75)

Dysphagia 4 (25)

Neck weakness 4 (25)

Extra-muscular manifestations 2 (12.5)
Proximal muscle weakness pattern

Symmetrical weakness, n (%) 15 (93.8)

Predominance in the lower limbs, n (%) 16 (100)

Severe weakness (MRC <3/5), n (%) 10 (62.5)
CK levels (IU/L), median (range) 4746 (1001—-9856)
Positive anti-HMGCR antibodies, n (%) 13 (81.3)
Previous statin treatment, n (%) 11 (84.6)
Seronegative forms, n (%) 3 (18.7)
Previous statin treatment, n (%) 2 (66.7)

CK: creatine kinase; MRC: Medical Research Council scale.

patient and concomitantly with anti-HMGCR antibodies in
the other.

Results of the main laboratory tests are summarised in
Table 1, together with the main demographic and clinical
characteristics.
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Figure 2 Whole-body muscle MRI study. In the thighs, T2-weighted STIR sequences (A) showed increased signal intensity in the
adductor muscles in the medial compartment, vastus lateralis, and rectus femoris in the anterior compartment and biceps femoris
in the posterior compartment, more predominantly on the right side. At the shoulder girdle level, increased signal intensity is
observed in the periscapular and deltoid muscles, and less markedly in the pectoral muscles, with greater involvement on the right
side (B). These changes were not accompanied by fatty replacement in T1-weighted turbo spin echo sequences (C and D).

Neurophysiology studies

An electromyography study revealed myopathic MUPs (short
duration, with low amplitude and polyphasia) in proximal
muscles in 15 patients (93.8%). This myopathic pattern was
accompanied by the presence of spontaneous activity at
rest in 12 cases (75%), with recordings showing fibrillations,
positive waves, and complex repetitive discharges.

Myotonic discharges were detected in the absence of
myotonic symptoms in 3 patients (18.8%); in 2, these dis-
charges were exclusively detected in the vastus lateralis,
whereas in the remaining patient, they were diffusely
detected in the biceps brachii, gluteus medius, rectus
femoris, and iliopsoas.

Muscle magnetic resonance imaging

A whole-body muscle MRI study was only performed in
a patient due to diagnostic uncertainty related to an
atypical presentation with mild symptoms. STIR sequences
displayed increased signal intensity compatible with mus-
cle edema, with no fatty replacement on T1-weighted
sequences (Fig. 2). The most affected muscles were the
glutei in the pelvic girdle, the adductor muscles in the
medial compartment of the thigh, the biceps femoris in
the posterior compartment, and the vastus lateralis and
intermedius, as well as the rectus femoris in the anterior
compartment. Less strikingly, we also observed edema in
the periscapular muscles and deltoids.

Muscle biopsy

The anatomical pathology study of 16 patients (100%) of our
sample revealed the necrotic and regenerative fibres typical
of the disease.

Fibres were accompanied by inflammatory infiltrate in
8 cases (50%); 6 patients (37.5%) presented less prominent
lymphocytic inflammatory infiltrates, whereas in 3 cases
(18.7%), necrotic fibres were associated with macrophagic
infiltrates. HLA-I immunostaining was performed in 14
patients, and yielded positive results in the sarcolemma and
cytoplasm of non-necrotic fibres of 9 patients (64.3%).

Fig. 3 shows examples of the main histological character-
istics of the patients in our sample.

Therapeutic management and prognosis

Pharmacological treatment was started after diagnosis of
IMNM in all patients. The initial approach was based on the
use of prednisone at 1 mg/kg. During the first stage of induc-
tion treatment, prednisone at 1 mg/kg was the first drug to
be used in all cases, with the exception of one patient with
multiple comorbidities, including poorly controlled diabetes
mellitus and poor previous functional status, who started
treatment with azathioprine.

Based on the initial response to prednisone and the
severity of clinical symptoms, other drugs were needed dur-
ing the first 6 weeks after diagnosis: 6 patients required
bitherapy (31.3%) and 3 patients (18.8%) required polyther-
apy with 3 drugs. The treatments most frequently used
in combination therapy were intravenous immunoglobu-
lins (IVIG) (in 5 patients) and other immunosuppressants,
such as methotrexate (in 5 patients), azathioprine (in 2
patients), and mycophenolate mofetil (in one patient).
Plasma exchange was performed in one patient, who
received 8 plasmapheresis sessions on alternating days,
due to symptom severity and a lack of improvement after
starting treatment with prednisone at 1 mg/kg and adding
methotrexate. The patient, a 71-year-old man with positive
anti-HMGCR antibodies and muscle biopsy results showing
a small inflammatory lymphocytic and macrophagic infiltra-
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Figure 3

Muscle biopsy. Slices of striated muscle showing moderate variability in fibre size (A) with groups of atrophic angular

fibres (asterisks), regenerative fibres (arrowheads), and occasional myophagocytosis (B; asterisks). Haematoxylin and eosin staining.
ATPase 42 staining revealed presence of fibres of different types (B). Immunostaining showed positive CD-68 macrophages in the
endomysium and inside muscle fibres (D), disperse positive CD-3 lymphocytes (E), and positive HLA-1 labelling with deep staining of

the membrane and small extension to the sarcoplasm (F).

tion associated with necrotic fibres, in the absence of HLA-1,
showed no improvement during plasma exchange nor over
the 10 following days. Therefore, IVIG were added, achiev-
ing a slow improvement in the following weeks.

The different treatment regimens used as induction
treatment are detailed in Fig. 4.

After the induction treatment, 6 months after diag-
nosis, 13 patients (81.3%) reported subjective clinical
improvement, with the median CK value decreasing to 420
IU/L (range: 27—1719 1U/L); 7 patients (43.8%) achieved
complete resolution of weakness, 4 (25%) experienced a
significant clinical improvement of muscle strength, and
symptoms remained unchanged in 2 (12.5%). The degree of
weakness was still severe in 3 patients (18.7%).

In the analysis of factors potentially associated with the
initial clinical response to treatment, the clinical response
was considered good when complete resolution or significant
clinical improvement was achieved. Regarding neurophysi-
ological studies, we observed a slightly higher proportion
of patients (9 cases; 75%) achieving symptom resolution
or significant improvement in the group of patients with
spontaneous activity than among those without this activ-
ity (2 cases; 50%). Regarding anatomical pathology findings,
good responses were more frequently achieved in the
HLA-1—positive group (8 patients; 88.9%) than in the HLA-
I—negative group (3; 60%); whereas the association with the
presence or absence of inflammatory infiltrate was similar,
with good responses in 5 patients (62.5%) in the group with
inflammatory infiltrates and 6 patients (75%) in the group
with no inflammatory infiltrates.

Two of the 3 seronegative patients, the 2 presenting
extra-muscular manifestations, presented severe weak-
ness at diagnosis and achieved a good initial response
to monotherapy. In the remaining seronegative case,

although the level of weakness was not severe at diagnosis,
methotrexate had to be added during the induction treat-
ment, achieving a good clinical response at 6 months.

Maintenance treatment differed according to clinical
progression. Patients showing no improvement or insuffi-
cient improvement required a more aggressive treatment
approach; therefore, at that time, 4 patients (25%) were
receiving polytherapy with 3 drugs. In the case of a 36-
year-old woman with anti-HMGCR antibodies and no previous
treatment with statins, who presented slow progression but
no improvement despite treatment with prednisone and
methotrexate, treatment with rituximab was started.

The degree of severity, as measured with the modified
Rankin Scale at 6 months, amounted to a median of 1 (range,
0—4) (Fig. 5).

During the follow-up period, 2 patients (12.5%) expe-
rienced relapses; in the case of the patient treated with
rituximab, symptoms did not improve: progression was very
slow despite having used several lines of treatment.

Lastly, we detected a case of cancer associated with IMNM
in a 73-year-old man with anti-HMGCR antibodies who was
diagnosed with liposarcoma and a squamous cell carcinoma
of the tongue concomitantly to myositis. The patient under-
went surgery for both tumours and received treatment with
3 drugs (prednisone, methotrexate, and IVIG), despite which
muscular symptoms did not improve and the patient died 9
months after symptom onset.

Discussion

This retrospective study describes the main characteristics
of a cohort of patients diagnosed with IMNM, including clin-
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Monotherapy
n =8 (50%)

Prednisone
n=7

Azathioprine
n=1

Induction treatment

Bitherapy
n =5 (31.3%)

Polytherapy
(= 3 drugs)
n =3 (18.8%)

Prednisone + methotrexate
n=2

Prednisone + methotrexate + IVIG
n=2

Prednisone + azathioprine
n=1

Prednisone + mycophenolate
n=1

Prednisone + methotrexate +
plasmapheresis + IVIG
n=1

Prednisone + IVIG
n=1

Figure 4 Schematic representation of the induction treatment in 16 patients with immune-mediated necrotizing myopathy. IVIG:

intravenous immunoglobulins.

m Rankin 0 m Rankin 1 m Rankin 2 Rankin 3
® Rankin 4 ® Rankin 5 ® Rankin 6

7

Median =1
(range, 0-4)

Rankin 0 Rankin 1 Rankin 2 Rankin 3 Rankin 4 Rankin 5 Rankin 6

Figure 5 Distribution of modified Rankin Scale scores at 6
months after diagnosis.

ical data, autoantibodies, histological pattern, treatment
strategy, and progression, with particular focus on the first
6 months after diagnosis.

The first significant finding of our study is the fact that
the diagnosis of IMNM became more frequent over the study
period (Fig. 1), which makes this subtype of [IM an emerging
disease.

In line with previous reports,>'>'>7-1° the prevalence
of the disease was slightly higher among women (56.3%),
although the age of onset in our sample (median: 71.5 years)
was slightly higher than in other series. A possible reason for
this is the high prevalence in this cohort of cases with posi-
tive anti-HMGCR antibodies and the absence of patients with
anti-SRP antibodies (who are typically younger), and the
high prevalence of cases with previous exposure to statins,
which are habitually prescribed to older adults.>?°

Regarding clinical data, the most frequent form of
presentation was acute-subacute, with proximal and sym-
metrical limb muscle weakness, and very high CK levels.>®
However, it is worth highlighting a case with positive
anti-HMGCR antibodies that progressed slowly, mimick-
ing limb-girdle muscular dystrophy, similarly to other
reported cases. This underscores the relevance of request-
ing anti-HMGCR antibody determination in cases of probable
diagnosis of limb-girdle muscular dystrophy in which no
genetic cause or family history is identified.?"?> Another
relevant clinical finding is the fact that, similarly to previ-
ous studies, extra-muscular manifestations were infrequent;
cases included systemic vasculitis and antiphospholipid syn-
drome secondary to another autoimmune disease, which
supports the association between some types of IMNM and
other immune-mediated systemic diseases that may repre-
sent a risk factor for the development of IMNM.?* These
patients progressed favourably.

Regarding myositis-associated autoantibodies, notewor-
thy observations were the absence of cases with anti-SRP
antibodies and the high prevalence of forms associated with
anti-HMGCR antibodies (81.3%). A possible explanation may
be the high number of patients receiving treatment with
statins in our setting.'"2*~?” However, history of treatment
with statins in patients with IMNM associated with anti-
HMGCR antibodies varies between series; in our sample,
history of treatment with statins was also reported in 2
seronegative patients (66.7%), which suggests that other
immunogenetic and environmental factors are involved in
the pathophysiology of the disease.?3°

Neurophysiological studies showed the typical pattern,
with myopathic MUPs and spontaneous activity*'; the num-
ber of patients also presenting electrical myotonia (3; 18.8%)
was lower than in other series. One possible explanation may
be that we did not analyse the paraspinal muscles, in which
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electrical myotonia is frequently detected in patients with
IMNM and which in some cases are the only muscles affected.
All 3 patients presented anti-HMGCR antibodies and his-
tory of exposure to statins; this is consistent with other
studies indicating that, although the cause of myotonia is
unknown, it may be favoured by previous treatment with
statins.

In a single case, the study was complemented with a mus-
cle MRI study due to scarce clinical symptoms; this study
showed the presence of edema with no fatty replacement.
Unlike other cases reported in the literature showing fre-
quent presence of fatty replacement, it may not have been
detected in this case as symptoms were mild within the IMNM
severity spectrum, and the muscle MRI study was performed
early in the course of the disease.

Although it has been suggested that a diagnosis of
IMNM may be established without a muscle biopsy in
patients with positive anti-HMGCR antibodies,*** in the
light of the necessity of this study in seronegative patients
and with the aim of preventing delays in treatment
onset pending antibody results, biopsy specimens were
taken routinely in all patients with clinical suspicion of
IMNM.

Given the lack of controlled clinical trials and clini-
cal guidelines, treatment was based on clinical experience
and retrospective case series, in accordance with the rec-
ommendations of the latest consensus of the ENMC."* As
recommended in these guidelines, initial treatment con-
sisted of corticosteroids in all patients, with one exception
due to comorbidities. Based on the initial response, if
no clinical improvement was achieved, a second or third
drug>12:18.20.36 was added; IVIG and methotrexate were
the most frequently used options in our sample, indicated
in 5 patients each and used in combination in 3. IVIG
are recommended as part of the induction treatment for
refractory disease, even in monotherapy if corticosteroids
are contraindicated. In our series, IVIG were not used in
monotherapy in any case, but were used as the second drug
if sufficient improvement had not been achieved with corti-
costeroids, and were considered first after corticosteroids if
no improvement was observed in patients with mild weak-
ness, with the aim of achieving an earlier response than with
other immunosuppressants.

Such other corticosteroid-sparing drugs as azathioprine,
mycophenolate, and ciclosporin have been proposed as
possible alternatives, whereas rituximab is considered
a therapeutic option for refractory patients with poor
response to previous treatments.>'2:13,18,20,28,36,37 |n gur sam-
ple, azathioprine was used in 2 cases: in monotherapy in
an elderly woman due to its better safety profile, and as
a second drug added to corticosteroids in another case,
in which IVIG had to be added due to insufficient clinical
response. In the case of mycophenolate, it was used in one
patient, although it was soon switched to methotrexate due
to poor tolerance. The patient showing a slowly progres-
sive course was treated with rituximab due to the lack of
response to other drugs, without achieving a significant clini-
cal improvement. Lastly, the use of plasmapheresis has been
suggested based on the potential pathogenic role of anti-
bodies, although no clear consensus has been reached on
recommending this treatment.'-283%-40 |n our series, the

patient with positive anti-HMGCR antibodies under treat-
ment showed no benefit after 8 sessions.

The number of patients obtaining a good clinical response
was slightly higher in the subgroup with spontaneous activ-
ity in the neurophysiological study than in the subgroup
without activity (75% vs 50%) and the subgroup positive for
HLA-1 in the muscle biopsy (88.9%, vs 60% of HLA-I—negative
patients).

At 6 months of follow-up, although more than half
of patients achieved complete resolution or a significant
symptom improvement, 8 patients still required combina-
tion therapy with several drugs. An important finding is
the low rate of relapses (12.5%), possibly associated with
a better prognosis of HMGCR-antibody—associated forms,
which are highly prevalent in this cohort, versus SRP-
antibody—associated forms.?°

Regarding cancer diagnosis, myositis-associated cancer
in IMNM is controversial, and is particularly associated with
seronegative forms of the disease.*' In our sample, on the
contrary, the only case of cancer was reported in a patient
with HMGCR-antibody—associated IMNM, which would sup-
port an increased risk of cancer in patients with forms of
the disease associated with these antibodies. 304243

Our study presents some limitations, as this is a small
case series with a retrospective design. Furthermore, no
functional scales were systematically applied during patient
assessment and follow-up.

Further studies are needed to determine different pat-
terns of progression in the different patient subgroups,
which would help make early predictions of clinical
response.

Conclusions

IMNM is the last entity within the group of IIMs to be recog-
nised as a different subgroup, whose diagnosis has increased
in recent years. In our sample, the only antibodies detected
in association with myositis were anti-HMGCR antibodies,
mostly in patients with previous treatment with statins.
Determination of these autoantibodies and muscle biopsy
are key to establishing an early, accurate diagnosis and for
starting treatment as soon as possible, which should be
customised in accordance to response to corticosteroids.
Several drugs have to be combined to achieve a clinical
response. The use of other therapies, such as plasmaphere-
sis, is controversial.

Although the majority of patients presented a favourable
prognosis at 6 months, and the relapse rate was low, it is
important to consider that there are different patient sub-
groups, and some of these present an atypical clinical course
with a poorer response to immunosuppressants. Further-
more, the possibility of a concealed cancer should not be
considered exclusively in patients with seronegative forms
of the disease.

Funding

This study has received no funding from any public, private,
or non-profit organisation.

736



Neurologia 40 (2025) 729—738

Declaration of competing interest

The authors have no conflicts of interest to declare.

References

[1]. Callaghan ASO, Pinal-fernandez |, Trallero-araguas E, Milisenda
JC, Grau-junyent JM, Mammen AL. Classification and mana-
gement of adult inflammatory myopathies. Lancet Neurol.
2018;17(9):816—28.

[2]. Mchugh NJ, Tansley SL. Autoantibodies in myositis. Nat Publ
Group. 2018;14(5):290—302.

[3]. Lundberg IE, Miller FW, Tjarnlund A, Bottai M. Diagnosis and
classification of idiopathic inflammatory myopathies. J Intern
Med. 2016;280(1):39—51.

[4]. Mariampillai K, Granger B, Amelin D, Guiguet M, Hachulla E,
Maurier F, et al. Development of a new classification system
for idiopathic inflammatory myopathies based on clinical man-
ifestations and myositis-specific autoantibodies. JAMA Neurol.
2018;75(12):1528.

[5]. Pinal-Fernandez I, Casal-Dominguez M, Mammen AL. Immune-
mediated necrotizing myopathy. Curr Rheumatol Rep.
2018;20(4):21.

[6]. Miller T. Myopathy with antibodies to the signal recognition par-
ticle: clinical and pathological features. J Neurol Neurosurg
Psychiatry. 2002;73(4):420—8.

[7]. Nakao Y, Mukai R, Kabashima T, Ohshima Y, Hamaguchi H, Kashi-
wagi H, et al. A novel antibody wich precipitates 7.5S RNA
is isolated from a patient with autoimmune disease. Biochem
Biophys Res Commun. 1982;109(4):1332—-8.

[8]. Reeves WH, Nigam SK, Blobel G. Human autoantibodies reactive
with the signal-recognition particle. Proc Natl Acad Sci U S A.
1986;83(24):9507—11.

[9]. Hoogendijk JE, Amato AA, Lecky BR, Choy EH, Lundberg IE, Rose
MR, et al. 119th ENMC international workshop: trial design in
adult idiopathic inflammatory myopathies, with the exception
of inclusion body myositis, 10-12 October 2003, Naarden, The
Netherlands. Neuromuscul Disord. 2004;14(5):337—45.

[10].Christopher-Stine L, Casciola-Rosen LA, Hong G, Chung T, Corse
AM, Mammen AL. A novel autoantibody recognizing 200-kd and
100-kd proteins is associated with an immune-mediated necro-
tizing myopathy. Arthritis Rheum. 2010;62(9):2757—66.

[11].Mammen AL, Chung T, Christopher-Stine L, Rosen P, Rosen
A, Doering KR, et al. Autoantibodies against 3-hydroxy-
3-methylglutaryl-coenzyme a reductase in patients with
statin-associated autoimmune myopathy. Arthritis Rheum.
2011;63(3):713—-21.

[12].Bergua C, Chiavelli H, Simon JP, Boyer O, Jouen F, Stenzel W,
et al. Immune-mediated necrotizing myopathy. Z Rheumatol.
2016;75(2):151—6.

[13].Allenbach Y, Mammen AL, Benveniste O, Stenzel W, Allen-
bach Y, Amato A, et al. 224th ENMC International Workshop::
Clinico-sero-pathological classification of immune-mediated
necrotizing myopathies Zandvoort, The Netherlands, 14—16
October 2016. Neuromuscul Disord. 2018;28(1):87—99.

[14].Allenbach Y, Keraen J, Bouvier AM, Jooste V, Champtiaux N,
Hervier B, et al. High risk of cancer in autoimmune necrotiz-
ing myopathies: usefulness of myositis specific antibody. Brain.
2016;139(8):2131-5.

[15].Banks JL, Marotta CA. Outcomes validity and reliability of the
modified rankin scale: Implications for stroke clinical trials - A
literature review and synthesis. Stroke. 2007;38(3):1091—6.

[16].Chinoy H, Fertig N, Oddis CV, Ollier WER, Cooper RG. The
diagnostic utility of myositis autoantibody testing for predict-

ing the risk of cancer-associated myositis. Ann Rheum Dis.
2007;66(10):1345—9.

[17].Allenbach Y, Drouot L, Rigolet A, Charuel JL, Jouen F, Romero
NB, et al. Anti-HMGCR autoantibodies in european patients with
autoimmune necrotizing myopathies: Inconstant exposure to
statin. Medicine (United States). 2014;93(3):150—7.

[18].Allenbach Y, Benveniste O, Stenzel W, Boyer O. Immune-
mediated necrotizing myopathy: clinical features and patho-
genesis. Nat Rev Rheumatol. 2020;16(12):689—701.

[19].Mohassel P, Mammen AL. Anti-HMGCR myopathy. J Neuromuscul
Dis. 2018;5(1):11-20.

[20].Kassardjian CD, Lennon VA, Alfugham NB, Mahler M, Milone
M. Clinical features and treatment outcomes of necrotizing
autoimmune myopathy. JAMA Neurol. 2015;72(9):996—1003.

[21].Nicolau S, Milone M, Tracy JA, Mills JR, Triplett JD, Liewluck
T. Immune-mediated necrotizing myopathy: Unusual presenta-
tions of a treatable disease. Muscle Nerve. 2021;64(6):734—9.

[22].Mohassel P, Landon-Cardinal O, Foley AR, Donkervoort S,
Pak KS, Wahl C, et al. Anti-HMGCR myopathy may resemble
limb-girdle muscular dystrophy. Neurol Neuroimmunol Neuroin-
flamm. 2019;6(1).

[23].Liang C, Needham M. Necrotizing autoimmune myopathy. Curr
Opin Rheumatol. 2011;23(6):612—9.

[24] Hilton-Jones D. Statin-related myopathies.
2018;18(2):97—105.

[25].Tiniakou E, Mammen AL, Lundberg IE, Tjarnlund A, Bottai
M, Werth VP, et al. Statin-induced autoimmune necrotizing
myositis—A single-center case series highlighting this poten-
tially life-threatening but treatable condition. Acta Myologica.
2020;10(12):223-30.

[26].Abusharar SP, Moku P, Banks S, Khalid FM, Specht CS, Polimera
HV. Immune mediated necrotizing myopathy: a rare complica-
tion of statin therapy. Clin Pract. 2020;10(2):49—-52.

[27].Villa L, Lerario A, Calloni S, Peverelli L, Matinato C, de Liso F,
et al. Immune-mediated necrotizing myopathy due to statins
exposure. Acta Myologica. 2018;37(4):257—62.

[28].Anquetil C, Boyer O, Wesner N, Benveniste O, Allen-
bach Y. Myositis-specific autoantibodies, a cornerstone in
immune-mediated necrotizing myopathy. Autoimmun Rev.
2019;18(3):223-30.

[29].Grable-Esposito P, Katzberg HD, Greenberg SA, Srinivasan J,
Katz J, Amato AA. Immune-mediated necrotizing myopathy
associated with statins. Muscle Nerve. 2010;41(2):185—90.

[30].Limaye V, Bundell C, Hollingsworth P, Rojana-Udomsart A,
Mastaglia F, Blumbergs P, et al. Clinical and genetic associations
of autoantibodies to 3-hydroxy-3-methyl-glutaryl-coenzyme a
reductase in patients with immune-mediated myositis and
necrotizing myopathy. Muscle Nerve. 2015;52(2):196—203.

[31].Dalakas MC. Inflammatory Muscle Diseases. Longo DL, editor. N
Engl J Med. 2015;372(18):1734—47.

[32].Triplett JD, Shelly S, Livne G, Milone M, Kassardjian CD,
Liewluck T, et al. Diagnostic modelling and therapeutic mon-
itoring of immune-mediated necrotizing myopathy: Role of
electrical myotonia. Brain Commun. 2020;2(2).

[33].Pinal-Fernandez |, Casal-Dominguez M, Carrino JA, Lahouti
AH, Basharat P, Albayda J, et al. Thigh muscle MRI in
immune-mediated necrotising myopathy: Extensive oedema,
early muscle damage and role of anti-SRP autoantibodies as a
marker of severity. Ann Rheum Dis. 2017;76(4):681—7.

[34].Pinal-Fernandez |, Casal-Dominguez M, Mammen AL. Immune-
Mediated Necrotizing Myopathy, Vol. 20. Current Rheumatology
Reports. Current Medicine Group LLC 1; 2018.

[35].Allenbach Y, Mammen AL, Benveniste O, Stenzel W, Allen-
bach Y, Amato A, et al. 224th ENMC International Workshop::
Clinico-sero-pathological classification of immune-mediated
necrotizing myopathies Zandvoort, The Netherlands, 14—16
October 2016. Neuromuscul Disord. 2018:87—99.

Pract Neurol.

737


http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0005
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0010
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0010
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0010
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0010
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0010
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0010
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0010
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0010
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0010
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0010
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0010
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0010
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0010
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0010
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0015
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0020
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0025
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0030
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0035
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0040
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0045
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0050
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0055
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0060
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0065
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0070
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0075
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0080
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0085
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0090
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0095
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0095
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0095
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0095
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0095
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0095
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0095
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0095
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0095
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0095
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0095
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0095
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0095
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0095
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0100
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0105
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0110
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0115
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0115
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0115
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0115
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0115
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0115
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0115
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0115
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0115
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0115
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0115
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0115
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0115
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0115
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0120
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0120
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0120
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0120
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0120
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0120
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0120
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0120
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0120
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0120
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0125
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0130
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0135
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0140
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0145
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0150
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0155
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0160
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0165
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0170
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175

S. Portela-Sanchez, I. Catalina, S. Lopez Munoz et al.

[36].Pinal-fernandez |, Mammen AL. Spectrum of immune-mediated
necrotizing myopathies and their treatments. Curr Opin
Rheumatol. 2016:619—24.

[37].Mammen AL, Tiniakou E. Intravenous immune globulin
for statin-triggered autoimmune myopathy. N Engl J Med.
2015;373(17):1680—2.

[38].Lotscher F, Ruffer N, Horn M, Villiger P. Plasmapheresis in recal-
citrant anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase
antibody—positive immune-mediated necrotizing myopathy: a
case report. Rheumatology. 2020;59(11):e82—4.

[39].Parikh P, Tavee J, Soltanzadeh P, Mammen AL, McK-
eever P, Li Y. Anti—3-hydroxy-3-methylglutaryl-coenzyme
a reductase autoantibody-positive necrotizing autoimmune

myopathy with dermatomyositis-like eruption. Muscle Nerve.
2018;57(6):E135—6.

738

[40].Ramanathan S, Langguth D, Hardy TA, Garg N, Bundell C,
Rojana-Udomsart A, et al. Clinical course and treatment of anti-
HMGCR antibody-associated necrotizing autoimmune myopathy.
Neurol Neuroimmunol Neuroinflamm. 2015;2(3):e96.

[41].Tiniakou E, Mammen AL. Idiopathic Inflammatory Myopathies
and Malignancy: a Comprehensive Review. Clin Rev Allergy
Immunol. 2017;52(1):20—33.

[42].Kadoya M, Hida A, Maeda MH, Taira K, lkenaga C, Uchio N,
et al. Cancer association as a risk factor for anti-HMGCR
antibody-positive myopathy. Neurol Neuroimmunol Neuroin-
flamm. 2016;3(6).

[43].Tsujikawa K, Hara K, Muro Y, Nakanishi H, Niwa Y, Koike
M, et al. HMGCR antibody-associated myopathy as a para-

neoplastic manifestation of esophageal carcinoma. Neurology.
2016;87(8):841—3.


http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0175
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0180
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0185
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0190
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0195
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0200
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0205
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0210
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215
http://refhub.elsevier.com/S2173-5808(25)00085-9/sbref0215

	Immune-mediated necrotizing myopathy: an emerging disorder
	Introduction
	Methods
	Statistical analysis

	Results
	Demographic characteristics and clinical data
	Complementary laboratory tests
	Neurophysiology studies
	Muscle magnetic resonance imaging
	Muscle biopsy
	Therapeutic management and prognosis

	Discussion
	Conclusions

	Funding
	Declaration of competing interest

	References

