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Abstract: Immune-mediated necrotizing myopathy (IMNM) is a type of autoimmune myo
pathy characterized by severe diffuse proximal myofiber necrosis in the context of inflammatory 
myopathy. Autoantibodies of anti-signal recognition particle and anti-hydroxy-3-methylglutaryl- 
CoA reductase are two antibodies specific to IMNM. Erythema nodosum (EN) is often accom
panied by various systemic diseases, such as autoimmune diseases. Herein, we report a female 
patient with signal recognition particle-associated IMNM, with EN as the first presentation. She 
showed significant clinical improvement after the initiation of glucocorticoids, intravenous 
immunoglobulin, rituximab, and mycophenolate mofetil. This case indicates that IMNM can 
initially present as EN. IMNM and EN might have overlapping pathogeneses. 
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Introduction
Immune-mediated necrotizing myopathy (IMNM), also known as necrotizing auto
immune myopathy, is a type of immune-mediated myopathy (IMM) characterized 
by subacute and predominantly proximal muscle weakness.1–4 IMNM comprises up 
to 10% of inflammatory myopathies.2 It may also involve muscles of the respiratory 
and cardiovascular systems, which can cause severe morbidity and mortality.2,5-7

The recognized risk factors for IMNM include drug exposure (statins, pembrolizu
mab, and nivolumab),8 connective tissue diseases, cancer (commonly gastrointestinal 
adenocarcinomas, and lung cancer)9,10 and rarely, human immunodeficiency virus 
infection.4

The muscular histopathology of IMNM shows significant myofiber necrosis and 
minimal lymphocytic infiltrates without perifascicular atrophy.2,4,11 MRI can be 
used to investigate soft tissue abnormalities, such as muscle edema, muscle atrophy, 
fascial edema and fatty replacement, in patients with myositis.12 Combining with 
the findings of two myositis-specific antibodies, immune mechanisms are consid
ered to account for the pathogenesis widely.13 Around two-thirds of patients with 
IMNM have autoantibodies recognizing either signal recognition particle (SRP) or 
3-hydroxy-3-methylglutaryl-coenzyme-A reductase (HMGCR).11,14

Skin manifestations occur in less than 10% of patients with IMNM,2 including 
heliotrope rash, Gottron papules, V-sign, Shawl sign, Mechanic’s hands, and skin 
hyperpigmentation.15–17

Erythema nodosum (EN) is a common form of acute nodular septal panniculitis 
without signs of vasculitis.18–22 It is clinically characterized by bilaterally symmetrical 
red and painful subcutaneous nodules, mainly localized to the lower extremities, 
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pretibial areas especially.18,19 EN is often associated with 
multisystemic diseases, including autoimmune diseases and 
hypersensitivity reactions in response to antigens or triggers. 
Including infection (eg, Streptococcus spp, Mycobacterium 
tuberculosis), drug, malignancy, inflammatory bowel dis
ease, autoimmune atrophic gastritis, sarcoidosis, pregnancy 
and other causes.19–23

Here we present a case of IMNM that started with acute 
EN before the development of a subtype of IMNM identified 
by anti-SRP antibody, followed by significant clinical 
improvement after the initiation of glucocorticoids, intrave
nous immunoglobulin (IVIG), rituximab and mycophenolate 
mofetil. The report was approved by the ethics committee of 
the First Affiliated Hospital, Zhejiang University School of 
Medicine (Approved number: 2020-ITT-356) prior to study 
commencement. A signed copy of consent form for publica
tion was obtained from the patient.

Case Presentation
In June 2019, a 34-year-old woman presented to her primary 
care provider with painful, swollen erythematous nodules 
located on the bilateral pretibial areas (Figure 1). The patient 
denied any other symptoms such as fever, cough, dyspnea, 
oral ulcer, abdominal pain, diarrhea, arthralgia, muscular 
weakness, fatigue, or weight loss. She denied past medical 
history and CT scanning of the lungs was normal. 
Laboratory tests were unremarkable, except for serum posi
tive SSA and SSA-52. The histopathology of a biopsy taken 
from an erythematous nodule on the right leg showed inter
lobular septal panniculitis, and infiltration with predomi
nately lymphocytes and histiocytes (Figure 2). Her skin 
rash gradually subsided with treatment of hydroxychloro
quine, 0.2 g twice a day for a month.

One month later, she felt fatigued and developed pro
gressive proximal muscle weakness, and myalgias invol
ving her upper and lower limbs. Her weakness was so 
severe that she had difficulty climbing stairs, rising from 
a chair, and getting out of bed without assistance. In 
addition, she complained of an unintentional weight loss 
of 5 kg. She denied any arthralgia, ptosis, vision changes, 
dysphagia, dysarthria, dyspnea, Raynaud’s phenomenon, 
numbness or tingling, paresthesia, or other rashes except 
for erythematous nodules on the legs.

On physical examination, she had 3/5 strength in bilat
eral upper extremities and 2/5 strength in bilateral lower 
extremities using a Medical Research Council scale. No 
neck weakness or muscle atrophy were found. Deep tendon 
reflexes and sensation were normal. The erythematous 

nodules on the legs were poorly demarcated, 1–3 cm in 
diameter, and mildly painful on palpation.

The results of laboratory investigations are listed in 
Table 1. The electromyogram revealed myopathic changes 
including fibrillation potentials and positive sharp waves 
in biceps, triceps, deltoid, iliopsoas and quadriceps. 
Findings from PET-CT, chest radiography, and heart and 
abdominal ultrasound were unremarkable.

In view of the proximal muscle weakness, increased 
muscle enzyme levels, myopathic patterned electromyo
gram, and presence of positive anti-SRP autoantibody, 
a diagnosis of anti-SRP-associated IMNM was made.

Treatment protocol for this patient was showed in Figure 3. 
Treatment with methylprednisolone, 40 mg daily, was initiated 
for 9 days then the dose was increased to 80 mg daily, with less 
improvement in weakness. At day 26, due to progression of 

Figure 1 Erythema nodosum of the patient. Erythematous subcutaneous nodules in 
the pretibial area of bilateral lower extremities.
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muscle weakness and development of dysphagia, 20 g of 
intravenous immunoglobulin, daily, and 200 mg of hydroxy
chloroquine, twice a day, were added to the regime. At day 32, 
the patient had 4/5 strength in neck muscles and choking, and 

was given 500 mg of methylprednisolone, daily for 6 days. 
At day 39, the strength in bilateral lower extremities was 3/5, 
she received 100 mg rituximab once and methylprednisolone 
80mg per day. At day 40, she received rituximab 500 mg, 
resulting in a prompt decrease in her B-cell count, from 941/ 
μL to 3/μL. At day 47, 250 mg of mycophenolate mofetil, 
twice a day, was added to support the treatment.

After treatment, the patient’s strength in bilateral lower 
extremities increased to 4/5, creatine kinase (CK) reduced 
to 129 U/L, alanine aminotransferase reduced to 33 U/L, 
and aminotransferase reduced to 15 U/L. She was subse
quently discharged from the hospital and continued long- 
term treatment with methylprednisolone and mycopheno
late mofetil.

Discussion
Anti-SRP antibodies have been reported in up to 16% of 
IMNM cases,10 and patients who are positive for anti-SRP 
autoantibodies are correlated with more severe and aggres
sive diseases such as cardiac complications,24 respiratory 
insufficiency (eg, interstitial lung disease),1 muscle weak
ness (eg, dysphagia),6,11 and less skin lesions,11 in com
parison with anti-HMGCR myopathy.

In our patient, EN preceded the occurrence of IMNM. 
Very recently, it was reported that EN can also present 
with necrotizing myopathy.25 Autoantibodies, including 
SRP antibody, can induce muscle atrophy with high levels 
of inflammatory cytokines, including Interleukin-6 (IL-6), 
tumor necrosis factor α (TNF-α) and reactive oxygen 
species. In addition, lower levels of IL-4 and IL-13 to 
impair myoblast fusion.26 Both IMNM and EN can present 
with high levels of IL-6 and TNF-α.20,26 The shared 
inflammatory cytokines might explain the concurrence of 
the two entities.

Figure 2 Histopathology of erythema nodosum. (A) Low-power (original magnification ×50) and (B) high-power microphotographs of the biopsy showing lymphocyte, 
neutrophil, and histiocyte infiltration of the interlobular septal in subcutaneous adipose tissue (original magnification ×400).

Table 1 Laboratory Test Results of the Patient with Anti-SRP- 
Associated Immune-Mediated Necrotizing Myopathy

Tests Results Reference Ranges

Creatine kinase 12,290 40–200 U/L
Creatine kinase isoenzyme-MB 548 2–25 U/L

Equivalent series resistance 70 0–20 mm/h

Lactate dehydrogenase 1523 91–250 U/L
Alanine aminotransferase 216 7–40 U/L

Aminotransferase 227 13–35 U/L
Plasma potassium 4.22 3.5–5.5 mmol/L

Ferritin 218 7.0–323.0 ng/mL

Free triiodothyronine 2.38 2.63–5.70 pg/mL
TSH 1.877 0.35–4.94 µIU/mL

Anti-thyroglobulin autoantibodies 44.34 0 IU/mL

C-reactive protein 30.8 0–8 mg
Anti-Streptolysin O 114.0 0–200 IU/mL

Anti-SRP Ab* Positive Negative

Anti-RO-52 Positive Negative
P-ANCA Negative Negative

C-ANCA Negative Negative

Anti MPO Negative Negative
Anti PR3 Negative Negative

ANA 1:80 Negative

SSA Positive Negative
SSA-52 Positive Negative

Anti-ds-DNA Negative Negative

Anti SCL-70 Negative Negative
Anti jo-1 Ab Negative Negative

Note: *The anti-SRP antibodies were tested by Western blotting. 
Abbreviations: TSH, thyroid-stimulating hormone; ANCA, anti-neutrophil cyto
plasmic antibodies; Anti MPO, anti myeloperoxidase; Anti PR3, human anti- 
proteinase 3 antibody; ANA, antinuclear antibodies; Anti SCL-70, anti- 
topoisomerase I.
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The optimal treatment strategy in IMNM has not been 
determined clinically, therefore it must be individualized. 
This patient’s CK began to reduce and her muscle power 
returned slowly after methylprednisolone infusion, but 
dysphagia and choking occurred. After administration of 
intravenous immunoglobulin and rituximab, the strength in 
bilateral lower extremities gradually improved to 4/5. 
Immunotherapy is the main treatment for patients with 
IMNM. First-line immunotherapy is glucocorticoids, such 
as oral glucocorticoids at 1 mg/kg/day.14 If the patient has 
severe muscle weakness, 0.5 to 1 g/day of intravenous 
glucocorticoids can be given for 3–5 days.13,14 But the 
addition of an appropriate high-dose second-line agent 
(eg, methotrexate, azathioprine, and mycophenolate mofe
til) is often required because prednisone monotherapy is 
rarely sufficient, especially for patients with anti-SRP 
myopathy.5,6 Rituximab or IVIG could be used first line 
in anti-SRP-associated or anti-HMGCR-associated 
IMNM.14 If initial treatments are ineffective, all patients 
should use rituximab and IVIG at 6 months to get better 
prognosis.13,14 A retrospective review of a large cohort of 
patients at the Mayo Clinic suggested that a combination 
of high-dose glucocorticoids, an immunosuppressant and 

IVIG for more than 3 months, and then, followed by 
a steroid-sparing agent for a long time would have 
a significantly better clinical response.2,4 Correlation 
between antibody seropositivity and clinical outcome had 
not been found.4

Due to predominantly proximal muscle weakness and 
positive laboratory tests, especially the presence of myo
sitis-specific autoantibody, our patient declined to do 
a muscle biopsy. Recently, the new European 
Neuromuscular Centre recommendations indicated that 
muscle biopsy is not strictly required to diagnose anti- 
HMGCR or anti-SRP myopathy,2,14 and autoantibodies 
should be evaluated early when serum CK >1000 IU/L.1 

However, it is still needed to guide medication if neces
sary, as serological assay results may take several weeks. 
For those that are autoantibody-negative, to exclude alter
native diagnoses, a muscle biopsy must be performed to 
establish a diagnosis of IMNM.11,14

In conclusion, we report a case of IMNM associated 
with EN. EN may correlate with various inflammatory 
diseases.19–23 In clinical practice, IMNM can be listed as 
an EN-associated entity. Our case also indicates that the 
IMNM and EN might have overlapping pathogeneses.

Figure 3 Treatments of the patient with anti-SRP-associated immune-mediated necrotizing myopathy. The patient was not responsive to the usual dose of glucocorticoids. 
Hip flexion power and serum creatine kinase level gradually decreased to normal after rituximab and mycophenolate mofetil were added to the therapeutic  schedule.
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