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Abstract 
Necrotizing myopathy is a rare subtype of inflammatory myopathy characterized predominantly by muscle weakness 
without inflammation. While the association of malignancy and inflammatory myopathies such as dermatomyositis and 
polymyositis is well-recognized, necrotizing myopathy has rarely been reported in association with cancer and, to our 
knowledge, has not been previously reported in association with melanoma. We report two cases of necrotizing myopathy 
in association with metastatic malignant melanoma. 
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1 Introduction 
Inflammatory myopathies are a heterogeneous group of autoimmune disorders, predominantly affecting the skeletal 
muscles. Discrete subcategories of inflammatory myopathy are distinguished on the basis of clinical presentation (see 
Table 1), laboratory findings (see Table 2), and pathological differences (see Table 3) [1-3]. The three most common 
subgroups are polymyositis, dermatomyositis, and inclusion body myositis. Necrotizing myopathy is a rare emerging 
entity that is a unique progressive myopathy with distinct pathologic features, specifically necrosis with limited or absent 
inflammatory infiltrate [1]. The association between malignancy and inflammatory myopathies is commonly reported in 
dermatomyositis and polymyositis, and to a much lesser extent in necrotizing myopathy. Dermatomyositis has the 
strongest association with ovarian, lung, pancreatic, gastric, colorectal, and nasopharyngeal cancers, while polymyositis is 
more frequently associated with non-Hodgkin lymphoma, lung, and bladder cancers [4]. We present two cases of 
necrotizing myopathy in association with malignant melanoma and provide a brief review of idiopathic inflammatory 
myopathies. 



http://crcp.sciedupress.com                                                                                     Case Reports in Clinical Pathology, 2015, Vol. 2, No. 4 

Published by Sciedu Press 47

Table 1. Clinical presentation of inflammatory myopathies  

 Dermatomyositis Polymyositis Inclusion body myositis 
Necrotizing autoimmune 
myopathy 

Age of onset All ages Adults >18 years Adults >50 years Adults >18 years and elderly  

Gender Women > men Women > men Men > women Unknown 

Affected 
muscles 

Proximal > distal Proximal > distal 
Distal > proximal (quadriceps, 
forearm flexors, ankle dorsiflexors) 

Proximal > distal 

Pattern of 
weakness 

Bilateral Bilateral Asymmetrical Bilateral 

Rash Yes No No No 

Arthralgias +/- +/- +/- +/- 

Dysphagia +/- +/- +/- +/- 

Commonly 
associated 
conditions 

Malignancy, 
myocarditis, ILD, CTD, 
vasculitis 

Malignancy, 
myocarditis, ILD, 
CTD 

CTD 
Malignancy, CTD, 
drug-induced 

Note. ILD, interstitial lung disease; CTD, connective tissue disease. 

Table 2. Laboratory workup of inflammatory myopathies 

 Dermatomyositis Polymyositis Inclusion body myositis 
Necrotizing 
autoimmune 
myopathy 

Creatine kinase 
Normal or increased up to 
50× normal 

Increased up to 50× normal 
Normal or increased up to 
15-20× normal 

Increased up to 10× 
normal 

Most commonly 
described 
myositis-specific 
auto-antibodies 

Anti-Jo-1; anti-Mi-2; 
anti-MDA5; anti-TIF1-γ 
(anti-p155); anti-NXP-2 

Anti-PM-Scl; anti-Jo-1 
Anti-M-protein; 
anti-NT5C1A 
(anti-mup44) 

Anti-SRP; 
anti-HMG-CoA 
reductase 

EMG findings 

Short duration polyphasic 
motor unit action 
potentials; spontaneous 
fibrillations, sharp waves, 
and/or repetitive 
discharges 

Mild sensory axon loss 
peripheral polyneuropathy in 
30% of patients; short duration 
polyphasic motor unit action 
potentials; spontaneous 
fibrillations, sharp waves, 
and/or repetitive discharges 

Short duration polyphasic 
motor unit action 
potentials; spontaneous 
fibrillations, sharp waves, 
and/or repetitive 
discharges 

Short duration 
polyphasic motor unit 
action potentials; 
spontaneous 
fibrillations, sharp 
waves, and/or repetitive 
discharges 

Note. Not all auto-antibodies that can occur in inflammatory myopathies are listed but rather the most commonly described are highlighted. MI-2, 
mitochondrial antigen 2; MDA5, melanoma differentiation-associated protein 5; TIF1-γ, transcriptional intermediary factor 1 gamma; NXP-2, nuclear 
matrix protein 2; PM-Scl, polymyositis-scleroderma; NT5C1A, cytosolic 5'-nucleotidase IA; SRP, signal recognition particle; HMG-CoA reductase; 
3-hydroxy-3-methyl-glutaryl-CoA reductase. 

Table 3. Pathology and treatment of inflammatory myopathies 

 Dermatomyositis Polymyositis 
Inclusion body 
myositis 

Necrotizing autoimmune 
myopathy 

Cellular 
infiltrate 

T cells (CD4>CD8); B cells 
T cells (CD8>CD4) that 
express MHC-I antigens; 
macrophages 

T cells (CD8>CD4) 
that express MHC-I 
antigens; macrophages 

Macrophages; little to no 
lymphocytes 

Degree of 
inflammation 

Prominent Prominent Prominent Sparse 

Characteristic 
findings 

Perifasicular atrophy, muscle 
infarcts, and capillary necrosis 
with MAC deposition on 
vessel walls 

Endomysial 
inflammation 
surrounding non- 
necrotic muscle fibers 

Endomysial 
inflammation with 
rimmed vacuoles 

Necrotic myofibers with  little 
to no inflammatory infiltrate; 
MAC deposition on pipestem 
capillaries may be seen 

Response to 
glucocorticoids 

Frequent Frequent Infrequent Occasional 

Note. MHC, major histocompatibility complex; MAC, membrane attack complex. 
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2 Case presentation 

2.1 Patient 1 
In April of 2006, a 53-year-old white man (Patient 1) noticed a small palpable purple lesion on the posterior aspect of his 
head, which was irritated by his daily headwear. He was seen clinically and was found to have an 8 mm pigmented papule 
that was thought to be an acquired compound nevus. Biopsy of the lesion found it to be a nodular melanoma arising in a 
pre-existing nevus. The melanoma was a T3b scalp melanoma, and management with wide local excision and lymph node 
neck dissection that demonstrated 2 of 46 lymph nodes to be positive for melanoma. The metastatic workup was negative, 
and he received treatment with adjuvant interferon alfa-2b (Intron-A) for approximately one year. Patient 1 had a  
biopsy confirmed metastases in 2009. His subsequent management included temozolomide, regional surgery, regional 
radiotherapy, and additional treatment with temozolomide before referral to the University of Wisconsin-Madison in 
August, 2010. Patient 1 participated in CO08604: Phase I Study To Evaluate the Toxicity and Feasibility of Intratumoral 
Injection of Alpha-Gal Glycolipids In Patients With Advanced Melanoma [5]. He received two separate intra-tumoral 
injections of 0.1 mg of alpha-gal glycolipids without significant toxicity on September 14, 2010 and October 12, 2010, 
respectively. The disease assessment 4 weeks after the second injection of alpha-gal glycolipids revealed stable disease, 
and the plan was for clinical monitoring. 

Beginning in March of 2011, Patient 1 had a significant increase in alanine transaminase (ALT) and aspartate 
aminotransferase (AST; see Table 4). These levels persisted and a liver biopsy in June of 2011 revealed chronic hepatitis, 
grade 1. The impression was that this was most likely a medication-induced hepatitis rather than an autoimmune process as 
the biopsy results did not show any interface hepatitis or fibrosis. 

Table 4. Patient 1 laboratory findings 

Date CK (reference range: 28-260 U/L) ALT (reference range: 0-65 U/L) AST (reference range: 0-50 U/L) 

05-11  139 106 

09-02-11 4699 207 138 

10-07-11 5005   

11-04-11 3303   

12-02-11 5471   

Note. CK, creatine kinase; ALT, alanine aminotransferase; AST, aspartate aminotransferase. 

Patient 1 had significant disease progression in July 2011 including focal bowel wall thickening consistent with bowel 
metastasis. Patient 1 continued with a persistent increase in AST and ALT and developed worsening fatigue, muscle 
weakness, and whole-body arthralgias. An evaluation by Neurology in August of 2011 identified progressive right upper 
extremity weakness with widespread atrophy of muscles in the right upper extremity (supraspinatus, pectoralis muscle, 
deltoid muscle, and proximal biceps and triceps muscles). A muscle biopsy demonstrated multiple scattered necrotic 
myofibers with occasional infiltration of macrophages (see Figure 1), as well as the rare regenerating fiber. Additionally, a 
lymphocytic infiltration or vasculitis was not present. The slides were reviewed by a board certified neuropathologist, and 
two fellowship trained neurologists/mycologists who agreed there were no findings of an auto-aggressive inflammatory 
infiltrate. The diagnosis was necrotizing myopathy consistent with a paraneoplastic necrotizing myopathy. Laboratory 
findings are provided in Table 4. 

An earlier melanoma tumor biopsy demonstrated the BRAF V600E mutation, and Patient 1 started vemurafenib (Zelboraf) 
in September of 2011. While this treatment obtained an initial decrease in tumor burden, Patient 1 experienced continued 
muscle weakness. The CK levels remained elevated (see Table 4). Vemurafenib was stopped in December of 2011 due to 
progressive disease. The CK was 5471 U/L on December 2, 2011. Patient 1 continued to have progressive generalized 
weakness that was disabling, and he joined hospice in January of 2012 before his death due to metastatic melanoma. 
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histochemistry, biochemistry, and electron microscopy. Frozen section was completed and tissue sections were stained 
with hematoxalin and eosin (H&E), trichrome, periodic acid-schiff (PAS), oil red O, and congo red. Enzyme 
histochemistry for NADH, cytochrome c oxidase, cytochrome c oxidase with SDH, ATP at pHs 4.6, 4.3, and 9.4, acid 
phosphatase, nonspecific esterase, and myophosphatase. Immunohistochemistry was performed where necessary: 4 μm 
sections were rinsed and stained with hematoxalin and processed in a VENTANA Benchmark Ultra IHC stainer. Cases 
were reviewed by a board certified neuropathologist, and two fellowship trained neurologists/mycologists. 

The reporting of medical cases of three or fewer patients is not considered human subjects research by the University of 
Wisconsin-Madison Health Sciences IRB and is therefore exempt from IRB review at the University of Wisconsin- 
Madison. 

4 Discussion 
Necrotizing myopathy is a rare subgroup of inflammatory myopathies characterized by necrosis with little to no 
inflammatory infiltrate. Specific subtypes of necrotizing myopathy may be associated with toxins, HMG-CoA reductase 
inhibitors or “statins”, thick pipe stem capillaries on muscle biopsy, auto-antibodies to the signal recognition particle 
(SRP), underlying malignancy, or may be, by exclusion, idiopathic [6]. The histologic picture that was seen within the 
muscle biopsies of these patients was that of a necrotizing myopathy. This histologic picture would be consistent with a 
number of etiologies including exposure to toxins, viral reactions, medication exposure, and a paraneoplastic syndrome. 
We reviewed the literature for possible agents related to necrotizing myopathy and found multiple agents including statins, 
fibrates, e-aminocaproic acid, cyclosporine, labetalol, propofol, organophosphate poisoning, and alcohol [2]. Although it is 
impossible to prove that these myopathies were not related to drug/toxin exposure, our chart review did not show that 
Patient 1 or Patient 2 had any significant exposure to any of these agents at the time they developed necrotizing myopathy. 
In addition, the necrotizing myopathy diagnosis of Patient 1 was considered unlikely to be related to the patient’s prior 
treatment with alpha-gal glycolipids due to 1) delayed timing related to prior protocol therapy; 2) lack of an inflammatory 
cell infiltrate in the muscle biopsy; and 3) lack of detectable autoantibodies to striated muscle. While we cannot exclude a 
role for other agents in causing the necrotizing myopathy, the association with progression of metastatic melanoma is 
consistent with a paraneoplastic effect. 

The classic clinical finding of necrotizing myopathy is symmetrical proximal muscle weakness without a rash [7, 8]. 
Symptoms may mimic polymyositis, however, necrotizing myopathy progresses more rapidly and is more marked in 
severity in 30% of cases [9]. The most severely affected muscles are the proximal shoulder girdle muscles, though neck 
flexors, pharyngeal muscles, and respiratory muscles may also be involved [6]. Other manifestations include fatigue, 
dyspnea, myalgias and dysphagia [2]. The disease course is variable, with outcomes ranging from rapid progression to 
complete recovery. 

Muscle enzyme abnormalities, particularly elevated CK and aldolase, are characteristic of inflammatory myopathies, and 
may be the first indication of disease. In necrotizing myopathy, serum CK levels are regularly increased more than 10 
times the upper normal limit. By comparison, CK is usually elevated 5 to 50 times the upper limit in polymyositis, and is 
increased up to 50-fold in dermatomyositis, though 10% of patients have normal CK regardless of severity [1]. Compared 
to non-paraneoplastic myopathy, paraneoplastic myopathy is more often associated with a dramatically elevated CK  
level [7]. 

Muscle biopsy is essential for the diagnosis of necrotizing myopathy. The hallmark of this condition histologically,  

is the presence of scattered necrotic and regenerative myofibers, with little to no inflammatory infiltrate except 

myophagocytosis. Paraneoplastic necrotizing myopathies are histopathologically heterogeneous, ranging from sparse to 

massive necrosis, and may have a mild inflammatory component [10]. Some cases have demonstrated thickened and 

hyalinized capillaries, called pipestem capillaries, and complement membrane attack complex deposition in endomysial 
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capillaries [11]. The absence of inflammatory infiltrate allows necrotizing myopathy to be distinguished from other 

inflammatory myopathies (see Table 3). The histopathologic findings of our patients are most consistent with a necrotizing 

myopathy. Mild inflammation away from necrotic myocytes, in the endomysium of one of our subjects supports the view 

that paraneoplastic necrotizing and inflammatory myopathy might represent a continuum of a condition with varying 

degrees of inflammation and necrosis [10]. 

Myositis-specific auto-antibodies have also been described and influence the phenotype of the inflammatory  

myopathy [1, 3, 12]. Antibodies directed against SRP and HMG-CoA reductase are characteristic of necrotizing myopathy. 

Anti-SRP subjects have unique clinical features, including more severe myopathy with dysphagia, very high CK levels, 

and better response to steroid therapy [3]. Two recent case series have suggested that anti-SRP levels do correlate with 

disease severity, and may serve as a marker of poor prognosis [13, 14]. Additionally, a recent study identified anti-HMG- 

CoA reductase autoantibodies in 63% of patients with necrotizing autoimmune myopathy [15]. These antibodies are more 

frequently found in patients with statin-associated necrotizing myopathy, and less frequently in statin-unexposed  

subjects [16]. Our patients were not tested for specific markers of necrotizing myopathy. 

The increased risk of malignancy in patients with inflammatory myopathies such as dermatomyositis and polymyosistis is 

well-recognized, with prevalence ranging from 6% to 45% [17]. Necrotizing myopathy, however, has rarely been reported 

in association with cancer in the literature. We performed a literature search using combinations of the keywords 

necrotizing myopathy, inflammatory myopathy, malignancy, paraneoplastic, and melanoma. The most commonly 

associated cancer types were gastrointestinal tract adenocarcinoma, prostate adenocarcinoma, bladder cancer, and non- 

small cell lung cancer [18]. Our search yielded no reports of necrotizing myopathy in association with malignant melanoma. 

To the best of our knowledge, our patients represent the first two reported cases of necrotizing myopathy in association 

with BRAF mutant metastatic malignant melanoma. 

Paraneoplastic necrotizing myopathy differs from primary myopathies in that prognosis is primarily dependent upon 

characteristics of the underlying malignancy [7]. Thus, treatment directed against the underlying malignancy is critical. 

Immunosuppressive therapy and corticosteroids, such as prednisone, are generally effective in the treatment of 

inflammatory myopathies; however, necrotizing myopathy is commonly more resistant to treatment than polymyositis or 

dermatomyositis. These patients more often require aggressive, long-term immunotherapy with multiple immune- 

suppressive agents [19]. Additional treatment with intravenous immunoglobulins, monoclonal antibodies, and immune 

modulators may also be beneficial to some patients [10]. Interestingly, treatment responses vary among patients, and the 

severity of the condition does not always parallel tumor progression [20]. Necrotizing myopathy has been reported to be 

responsive to treatment when the tumor is controlled [18]. 

The underlying etiology of paraneoplastic syndromes remains unclear, though response to steroids is most compatible 

with an autoimmune-mediated process [10]. Some postulate that paraneoplastic syndromes are an immunologic response to 

the tumor, invoking autoimmunity in immunologically predisposed patients [21, 22]. Immune responses generated against 

antigens expressed by the tumor may unintentionally cross-react with skin and muscle cells expressing the same antigens. 

This theory is supported by the expression of common auto-antigens in myositis and certain malignancies [22]. 

Furthermore, the absence of inflammation in necrotizing myopathy suggests that humoral mechanisms may be responsible 

for inducing necrosis, and argues against a pathogenic role for cytotoxic lymphocytes [23]. 

In summary, we have presented two cases of necrotizing myopathy in association with BRAF mutant metastatic malignant 
melanoma. The first case had progressive myopathy that did not respond to BRAF inhibitor therapy, while the second case 
remitted with BRAF inhibitor therapy and recurred with subsequent disease progression. To our knowledge, these are the 
first two reported cases of necrotizing myopathy in association with malignant melanoma. These cases highlight the 
importance of a muscle biopsy in patients with a suspected myopathy because the different types of myopathies can often 
not be distinguished clinically, through imaging or laboratory testing. It appears that the most important management 
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approach for necrotizing myopathy is to treat the underlying disease. Because the association between necrotizing 
myopathy and cancer is rare, this finding should prompt a search for underlying malignancy if no other cause can be 
identified.  
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