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Abstract: Dermatomyositis is a heterogeneous idiopathic inflammatory myopathy associated with various cutaneous manifestations and 
variable presence of myositis, interstitial lung disease, and other visceral organ involvement. An accurate diagnosis of dermatomyositis requires 
correlating clinical examination findings with serological and histological findings. Familiarity with pathognomonic and common cutaneous 
manifestations of dermatomyositis, which are highlighted here, can be especially helpful in making an accurate diagnosis. Additionally, 
evaluating patients for presence of myositis-specific autoantibodies can further support or refute a dermatomyositis diagnosis. When present, 
myositis-specific autoantibodies can also help guide workups for various dermatomyositis-associated manifestations, as each is associated with 
relatively distinct clinical characteristics. Evaluating patients for various systemic manifestations often relies on expert opinion recommenda
tions; however, societal guideline statements concerning the evaluation of some manifestations have recently been described. Although 
malignancy-associated dermatomyositis is a well-accepted subtype, there is limited evidence to support extensive malignancy screening has 
a favorable benefit–risk ratio in most dermatomyositis patients. However, recent research has uncovered novel associations between 
dermatomyositis and malignancy, suggesting the possibility of identifying high-risk subsets of dermatomyositis patients in whom malignancy 
screening may have a high value. Treatment for dermatomyositis has remained largely unchanged over the past several decades. Although 
many dermatomyositis patients can be effectively treated with current options, either as monotherapy or with combination regimens, there is 
a need for more targeted and effective DM therapies, in general, and for MDA5(+) dermatomyositis-associated rapidly progressive interstitial 
lung disease. Fortunately, significant current and emerging research activities evaluating various novel medications for dermatomyositis 
provide hope for exciting future advances in patients with this intriguing immune-mediated disease. 
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Introduction
Dermatomyositis (DM) is an idiopathic inflammatory myopathy (IIM) with characteristic skin features and heteroge
neous systemic manifestations. Incidence and prevalence of DM vary geographically, with the highest adult incidence 
rate seen in the United States (US; 15.2/million person-years) and highest prevalence rates seen in the US (21.4/100,000 
people) and Spain (19/100,000).1 DM incidence demonstrates a bimodal distribution, with juvenile DM commonly 
diagnosed between ages 4–14 years and adult DM commonly diagnosed between ages 40–60 years.2

The pathogenesis of DM is multifactorial and not completely understood, with contributions from genetic, environmental, 
and immunological factors. Genetic contributions are supported by observed associations with major histocompatibility 
complex (MHC) polymorphisms and human leukocyte antigen alleles.3 Additionally, potential environmental triggers have 
been identified, including ultraviolet radiation, viral infections, medications, and pollutants, all of which may lead to immune 
dysregulation in genetically susceptible individuals.4

Once immune dysregulation occurs, substantial evidence supports that type I interferons (IFNs), which regulate both 
innate and adaptive immune responses, play a key role in DM pathogenesis.5,6 The role of type I IFNs in DM pathogenesis is 
supported by numerous studies demonstrating upregulation of type I IFN pathways and cytokines in lesional skin, muscle, and 
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peripheral blood of DM patients, correlation between type I IFN signature levels and DM cutaneous disease activity, and 
induction of DM by IFN immunotherapy.5–7 Furthermore, changes in blood type I IFN scores correlate with disease activity 
changes in skin, muscle, and possibly other organs.7

Practical Guidance
Cutaneous Manifestations
Cutaneous manifestations represent key clinical features of DM and can be categorized as pathognomonic, characteristic, 
compatible, or rare. Pathognomonic cutaneous manifestations of DM include Gottron papules, Gottron’s sign, and 
heliotrope rash (Figure 1A–D). Gottron papules present as erythematous to violaceous papules/plaques overlying 
interphalangeal joints of the hands, feet, elbows, and knees. Gottron’s sign refers to non-palpable erythematous 
macules/patches overlying extensor surfaces of similar joints, most commonly elbows and knees. Heliotrope rash is 
characterized by periorbital violaceous erythema and edema.

Cutaneous manifestations considered characteristic of DM, but not pathognomonic, include Shawl sign, V-neck sign, 
Holster sign, scalp erythema, poikiloderma, and proximal nail fold (PNF) changes (Figures 2A–D and 3A–D). Shawl and 
V-neck signs present as erythematous-to-violaceous patches/plaques involving the posterior shoulders, neck, and upper 
back, and anterior neck and upper chest, respectively.8 The Holster sign refers to symmetric erythema involving the 
lateral hips and thighs. Scalp involvement in DM patients is also characteristic and may present as violaceous erythema 
with fine scale or psoriasiform plaques with thicker scale. Scalp involvement is typically accompanied by alopecia and 

Figure 1 Pathognomonic Cutaneous Manifestations of Dermatomyositis. (A) A 69-year-old man with violaceous periorbital erythema and edema (heliotrope rash) related 
to TIF1γ(+) DM. He was subsequently diagnosed with diffuse large B-cell lymphoma. This patient provided written consent to use this image for publication. (B) A 60-year- 
old woman with TIF1γ autoantibodies and erythematous-to-violaceous papules overlying the interphalangeal joints of the hands (Gottron’s papules) related to TIF1γ(+) DM. 
(C) A 55-year-old woman with erythematous-to-violaceous patches on the knees (Gottron’s sign) related to TIF1γ(+) DM. (D) A 52-year-old woman with erythematous-to- 
violaceous patches on the elbows (Gottron’s sign) related to SAE(+) DM.
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significant pruritus. Poikiloderma is characterized by hypo- and hyperpigmentation, telangiectasia, and atrophy and 
typically occurs in areas of long-standing DM inflammation. Lastly, characteristic PNF changes include periungual 
erythema, dilated capillary loops, dystrophic cuticles, and hemorrhagic infarcts.

Less common cutaneous DM manifestations are often associated with specific DM subtypes. Widespread erythema/ 
erythroderma has been associated with coexisting malignancy. Wong-type DM may present with follicular hyperkeratosis on 
extensor surfaces; flagellate erythema has been associated with anti-Mi2-associated DM; Oral mucosal ovoid palatal patches are 
characteristically seen in anti-transcription intermediary factor 1-γ (TIF1γ)-associated DM; acral hyperkeratotic papules/plaques 
and fissures (mechanic’s hands) (Figure 3C) are typically associated with anti-synthetase syndrome (ASTS); cutaneous 
ulcerations and panniculitis are often associated with anti-melanoma differentiation-associated gene 5 (MDA5)-associated 
DM.2,9,10 Raynaud’s phenomenon also occurs in up to 40% of DM patients, especially those with ASTS. Finally, calcinosis 
cutis occurs in ~4% of adult DM patients, especially those with anti-nuclear matrix protein-2 (NXP2) antibodies (Figure 3B).11

Cutaneous DM manifestations can sometimes overlap with those of other connective tissue diseases, making 
diagnosis challenging. We occasionally see DM patients who have been misdiagnosed with lupus erythematosus (LE) 
due to photodistributed cutaneous lesions that, when biopsied, have histologic features similar to DM. Awareness of 
hallmark cutaneous clues can help accurately diagnose DM in these patients. For example, DM facial erythema tends to 
involve nasolabial folds, which are spared in LE.8,10 Additionally, the scleroderma PNF pattern of low-density 
capillaries, hemorrhage, and dilated capillary loops is present significantly more often in DM than in LE.

Musculoskeletal Manifestations
Patients with both skin and muscle involvement are considered to have classic DM (CDM). Clinical evidence of myositis is 
found in ~80% of DM patients.2 The characteristic myopathy manifests as symmetric progressive proximal muscle weakness 

Figure 2 Common Cutaneous Manifestations of Dermatomyositis. (A) A 55-year-old woman with erythematous patches and plaques involving the upper back and 
shoulders (shawl sign) related to TIF1γ(+) DM; (B) A 54-year-old man with erythematous patches and plaques involving the lateral Hip (holster sign) related to DM. He 
declined MSA testing; (C) A 78-year-old man with erythematous patches involving the anterior neck and upper chest (V-neck erythema) related to TIF1γ(+) DM; (D) A 66- 
year-old woman with erythematous-to-violaceous patches and plaques with thick, psoriasiform scale and associated alopecia involving the scalp in relation to TIF1γ(+) DM.
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affecting the upper and lower extremities without associated muscle pain. With more prominent myositis activity, involvement 
of pharyngeal and esophageal striated muscles occurs, presenting as dysphagia and dysphonia. Involvement of neck extensor 
muscles may lead to difficulty holding the head up. In severe myositis, weakness of the diaphragm and accessory muscles of 
breathing may contribute to respiratory insufficiency and aspiration pneumonia risk.12

Notably, ~20% of patients develop amyopathic DM (ADM).13 ADM is defined as patients with hallmark clinical and 
biopsy-proven cutaneous DM manifestations who have no clinical, serologic, or other evidence of myositis for ≥6 
months in the absence of systemic immunomodulatory therapy.13 Alternatively, some patients are best categorized as 
having hypomyopathic DM. These patients have no clinical evidence of myositis; however, ancillary studies such as 
magnetic resonance imaging (MRI), needle electromyogram (EMG), or muscle biopsy results provide evidence of 
subclinical myositis. Together, these two subsets are often referred to as clinically amyopathic DM (CADM). Notably, 
CADM patients can develop clinically evident myositis later in the disease course, highlighting importance of continued 
monitoring for this manifestation.14

In patients affected by DM, chronic inflammation, treatment with glucocorticoids, and immobilization may precipitate 
impaired bone health. Adult women with DM are more significantly likely to develop osteoporosis of the spine and femoral 
neck when compared to healthy controls.15 In one longitudinal study, nearly half of patients with myositis were found to have 
vertebral fractures, with prior vertebral fracture incurring a five-times higher risk of subsequent fracture.16,17 Low bone- 
mineral density (BMD) and vertebral fractures are associated with reduced quality of life and increased disability and pain in 
DM and other IIM patients.18 As glucocorticoids are a major contributor to impaired bone health in DM patients, it is 
paramount for physicians to follow published guidelines to prevent and treat glucocorticoid-induced osteoporosis in DM 
patients.19

Figure 3 Other Cutaneous Manifestations of Dermatomyositis. (A) A 68-year-old woman with long-standing DM and skin atrophy, telangiectasia, and dyspigmentation 
(poikiloderma) in a V-neck distribution; (B) A 54-year-old man with long-standing DM and firm, white nodules of calcinosis cutis (arrows) involving his scalp; (C) A 42-year- 
old woman with Jo1(+) Antisynthetase syndrome with significant fissuring and hyperkeratosis of her fingers (Mechanic’s hands); (D) A 68-year-old woman with TIF1γ 
autoantibodies with (arrows) dilated proximal nailfold capillary loops, capillary dropout, and focal cuticular hemorrhage related to TIF1γ(+) DM.
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Diagnosis
Initial evaluation for suspected DM should begin with a thorough history and physical examination, including total body 
skin examination and muscle strength testing of extremities and neck flexors. Historically, DM was clinically classified 
by the Bohan and Peter criteria, which divided IIMs into five groups: polymyositis (PM), DM, DM/PM associated with 
cancer, childhood DM/PM, and PM/DM with associated collagen-vascular disease.20 They described five major criteria 
to define DM: (1) symmetric weakness of limb-girdle muscles and anterior neck flexors; (2) muscle biopsy evidence of 
myositis; (3) elevation in serum skeletal-muscle enzymes; (4) a triad of needle EMG findings; and (5) presence of 
dermatologic features including heliotrope rash, Gottron’s sign, and erythematous dermatitis involving the face, neck, 
and upper torso. According to the Bohan and Peter criteria, a DM diagnosis is considered “definite” if ≥3 criteria and 
characteristic rash are present, “probable” if 2 criteria and rash are present, and “possible” if 1 criterion and rash are 
present.20 Notably, the Bohan and Peter criteria did not recognize amyopathic patients as qualifying for DM diagnosis.

Despite these criteria being the most widely used for DM diagnosis over several decades, critiques arose surrounding 
inclusion of non-specific myositis features, vague exclusionary criteria, and unclear definitions of DM skin manifesta
tions. As a result, several new classification systems were proposed in following decades.21 Although these proposals 
represented respectable efforts to improve IIM classification criteria, it became clear that a dedicated effort by IIM 
experts to develop classification criteria with consensus and validation was needed. Subsequently, an expert group was 
assembled in 2004, and new, validated IIM classification criteria were published in 2017 and endorsed by the European 
League Against Rheumatism and American College of Rheumatology (EULAR/ACR).22 Two models were proposed, 
one with and one without muscle biopsy results, using 16 criteria which are assigned various point values to determine 
probability of IIM. Patients are required to have certain numbers of total points to meet thresholds for “possible”, 
“probable”, and “definite” IIM. When muscle biopsy results are included, EULAR/ACR criteria demonstrate sensitivity 
and specificity for probable IIM diagnosis of 93% and 88%, respectively. Without muscle biopsy data, sensitivity and 
specificity are 87% and 82%, respectively.22 Although by definition “classification criteria”, the EULAR/ACR criteria are 
increasingly being used in research and clinical trial settings to establish and prove DM diagnosis.

Once a patient meets EULAR/ACR criteria for IIM, presence of heliotrope rash, Gottron papules, or Gottron’s sign 
accurately subclassifies patients with DM. Objective muscle involvement, defined as abnormal manual muscle testing or 
other objective strength testing, further categorizes CDM patients. One of the unique aspects of the EULAR/ACR 
classification criteria compared with the Bohan and Peter criteria is that patients with pathognomonic DM skin 
manifestations are no longer required to exhibit clinical or histological signs of myositis for diagnosis. Thus, these 
criteria recognize CADM as a DM subtype, for which a skin biopsy revealing characteristic histological findings is 
recommended to further support the diagnosis.22

Although EULAR/ACR classification criteria are considered to represent a major improvement over previous criteria, they are 
not without limitations. For example, anti-Jo-1 autoantibodies but not other myositis-specific autoantibodies (MSAs) are included 
in the laboratory measurement scoring assessment section. Additionally, interstitial lung disease (ILD) is not included as a variable 
that contributes points used to reach an IIM diagnostic threshold.23 Furthermore, although these criteria recognize CADM as 
a DM subtype, there are only three skin manifestations (Gottron’s sign, Gottron papules, and heliotrope rash) included in the 
scoring assessments, and patients without all three may not meet the scoring threshold for “probable” CADM/IIM. In a study that 
applied EULAR/ACR classification criteria to a cohort of 110 CADM patients, 26.3% did not meet the minimum probability 
cutoff for DM classification.24 Thus, EULAR/ACR criteria may be strengthened by expanding scored variables to include a wider 
range of common cutaneous DM features (such as V-neck erythema and shawl sign), additional MSAs (such as TIF1γ and NXP2), 
cutaneous histopathological features, and ILD.

Skin Biopsy
Due to requirement of skin manifestations for DM diagnosis and easy accessibility of the skin, one of the most common and 
valuable procedures in a diagnostic workup is a lesional cutaneous punch biopsy. The classic histologic findings in DM skin 
biopsies include vacuolar interface dermatitis with keratinocyte dyskeratosis, increased reticular dermal mucin, superficial 
dermal vascular dilatation, and variably dense perivascular lymphohistiocytic inflammation (Figure 4A and B).25 Notably, 
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95% of 228 DM skin biopsies in one study demonstrated ≥1 of the following: basal vacuolization, dermal mucin deposition, 
or perivascular inflammation. Furthermore, 91% of biopsies demonstrated either basilar vacuolization, dyskeratotic 
keratinocytes, or both.26 Importantly, this data also highlights that the absence of vacuolar changes or increased dermal 
mucin in skin biopsies does not exclude a DM diagnosis. Thus, correlation between histology and clinical findings is critical 
for arriving at an accurate diagnosis. Additionally, treatment with glucocorticoids and/or immunomodulatory medications 
at time of biopsy may affect presence/severity of hallmark histopathological features in skin biopsies.26

Routine Serologic Studies
Five muscle enzymes, creatine phosphokinase (CK), aspartate aminotransferase (AST), alanine aminotransferase (ALT), 
lactate dehydrogenase (LDH), and aldolase, are released into the serum when skeletal muscle is damaged. Of these, CK 
is the most sensitive and specific for skeletal muscle damage.27 CK levels can be elevated up to 50X the upper normal 
limit in 70–80% of CDM patients.27 During muscle injury, transaminase elevation levels are tightly correlated with CK 
levels, typically with AST > ALT.28 As CK and transaminase levels can be elevated in hepatic disorders, checking for 
elevated gamma-glutamyl transferase (GGT) levels can help differentiate hepatic versus skeletal muscle CK origin. 
Importantly, CK levels can also be elevated because of myocardial injury. Thus, if cardiac origin or contribution to CK 
elevation is suspected, checking for elevated troponin I levels can be helpful.

Baseline testing for elevated serum muscle enzymes is of particular importance for diagnosing patients with hypomyo
pathic DM who have laboratory findings supporting myositis but lack subjective muscle weakness. Alternatively, muscle 
enzyme levels may be normal in patients with DM, even when active myositis is present. Therefore, clinicians may need to 
utilize other diagnostic tools (detailed below) to further assess muscle involvement.29 The above enzymes can also be useful in 
monitoring DM response to treatment. After successful therapy, serum CK levels decline over 2-8-weeks, followed by 
a sequential decline in transaminase, LDH, and aldolase levels.30

A complete blood count is useful at presentation to assess for possible anemia and white blood cell count 
alterations.30,31 Specifically, active DM is associated with lymphopenia and platelet counts have been correlated with 
disease activity.31 Finally, there are reports of complement C4 deficiencies with active myositis, suggesting that 
evaluating C3 and C4 levels may be beneficial.32

Myositis Autoantibodies
IIMs are associated with autoantibodies against nuclear and cytoplasmic antigens and are classified as myositis- 
associated autoantibodies (MAAs) and MSAs. MAAs are autoantibodies found in IIMs and other autoimmune condi
tions, such as anti-nuclear antibodies (ANA) and anti-SSA (Ro). MSAs are autoantibodies that are specific to patients 
with IIMs (Table 1). Commercial MSA antibody panels often include DM-specific autoantibodies (Mi2, TIF1γ, MDA5, 

Figure 4 Characteristic Histologic Features of Lesional Dermatomyositis Skin Biopsies. (A) A photomicrograph (Hematoxylin and Eosin staining; 100X magnification) of 
a lesional punch biopsy from the upper back (shawl area) of a 55-year-old Caucasian woman with TIF1γ DM revealing vacuolar interface dermatitis affecting the epidermis, 
mild superficial dermal lymphocytic inflammation, and abundant mucin deposition throughout the reticular dermis denoted by areas of blue discoloration (arrows) between 
collagen bundles. (B) At higher power (Hematoxylin and Eosin staining; 400X magnification), dyskeratotic keratinocytes (the hallmark feature of interface dermatitis) are 
seen as cells along the basilar epidermis with pyknotic nuclei and condensed eosinophilic cytoplasm (white arrow) and eosinophilic globules just below the basilar epidermis 
(black arrow).
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NXP2, and SAE), ASTS autoantibodies (Jo-1, PL-7, PL-12, etc.), and immune-mediated necrotizing myositis auto
antibodies (SRP and HMGCR).

Patients suspected of having DM should be screened for MAAs, including ANA and anti-extractable nuclear antigen 
(ENA) antibodies such as anti-SSA (Ro). ANA testing by immunofluorescence in human epithelial (Hep-2) cells should 
be used because specific cytoplasmic or nucleolar patterns may be missed by alternative methods. Distinctive Hep-2 
patterns with negative ANA can be observed when some myositis antibodies are present (cytoplasmic for anti-MDA5, for 
example). ANA is positive in 24–60% of patients with DM.33 Positive anti-ENA antibodies may indicate alternative 
autoimmune diseases or DM overlap syndromes.

MSAs are detected in >60% of DM patients, and incidence may approach 80–90% with appropriate assays.34 

Importantly, presence of >1 MSA in the same individual is rare, increasing their usefulness as biomarkers for specific 
DM phenotypes.35,36 For example, patients with TIF1γ autoantibodies tend to have skin-predominant, amyopathic 
disease and are less likely to have Raynaud’s phenomenon and arthralgias/arthritis compared to other DM patients.37 

Thus, MSAs help guide subsequent work-up for systemic manifestations. Also, serum levels of MSAs may relate to 
disease severity, highlighting their potential utility as prognostic markers.34–36

Evaluation for MSAs is particularly useful in facilitating DM diagnosis in cases where EULAR/ACR criteria may 
have limitations. Specifically, presence of MSAs can aid in CADM diagnosis when some pathognomonic skin findings 
are absent. One study demonstrated appropriate classification of DM and other IIMs using only clinical manifestations 
and MSAs.38 While benefits of testing for MSAs are clear, testing is not standardized, and commercially available tests 
use variable methodologies.39 When comparing commercial line-blot and dot-blot assays to immunoprecipitation assay 
results, accuracy has been found to highly depend upon MSA specificity. Specifically, commercial line/dot-blot assays 
demonstrated poor performance in detecting anti-TIF1γ, anti-Mi-2 and rarer ASTS antibodies.40,41 In contrast, commer
cial enzyme-linked immunosorbent assays (ELISA) have demonstrated agreement with immunoprecipitation in detecting 
several MSAs.42,43

Table 1 Myositis-Specific Autoantibodies*

Antibody Target Antigen Prevalence Typical Clinical Features

Anti-Mi-2 Nucleosome remodeling-deacetylase 
component involved in transcription 

regulation

Adult DM: 11–59% 
JDM: 4–10%

Classic cutaneous findings, facial dermatosis, shawl sign, 
poikiloderma, flagellate erythema; myositis (CDM) with 

highly elevated CK; good response to treatment

Anti-MDA5 
(anti-CADM140)

Melanoma differentiation associated 
gene 5; RNA helicase involved in 

antiviral responses

Adult DM: 6.9–48% 
Caucasian: 6.9–13% 

Asian: 10–48% 

JDM: 7–38%

CADM; ILD (including RP-ILD); cutaneous ulcerations, 
palmar papules, panniculitis, alopecia; arthritis; livedo 

racemosa/reticularis

Anti-NXP-2 Nuclear matrix protein 2; involved in 

transcription regulation and RNA 

metabolism

Adult DM: 1–17% 

JDM: 22–32%

Classic cutaneous findings; peripheral edema; calcinosis 

cutis; dysphagia; myositis; malignancy

Anti-TIF1-γ 
(anti-p155/140)

Transcriptional intermediary factor 1; 

Tumor suppressor protein acting as 

transcriptional co-repressor

Adult DM: 7–31% 

JDM: 22–32%

CADM; severe cutaneous disease, ovoid palatal patch, 

atrophic hypopigmented patches with overlying 

telangiectasias; malignancy in adult DM
Anti-SAE1/2 Small ubiquitin-like modifier activating 

enzyme involved in post-translational 
modification of proteins

Adult DM: 0.9–2.6% Severe cutaneous disease; dark red/violaceous rash; 

cutaneous ulcers; dysphagia

Anti-synthetase 

Syndrome**

Aminoacyl-tRNA synthetases; 

Responsible for attaching dedicated 
amino acids to cognate tRNA

Adult IIM 9–24% Myositis; arthritis; ILD; Raynaud phenomenon; fever; 

mechanic’s hands, Gottron’s papules

Notes: *Prevalence data from Halilu F, Christopher-Stine L. Rheumatol Immunol Res. 2022 Apr 20;3(1):1–10; Fujimoto M, Watanabe R, Ishitsuka Y, Okiyama. Curr Opin 
Rheumatol 2016;28(6):636–44. **Includes Anti-Jo-1, Anti-PL-12, Anti-PL-7, Anti-EJ, Anti-OJ, Anti-KS, Anti-Zo, Anti-Ha/YRS. 
Abbreviations: JDM, Juvenile Dermatomyositis; CDM, classic dermatomyositis; CK, creatine kinase; CADM, clinically amyopathic dermatomyositis; ILD, interstitial lung 
disease; RP-ILD, rapidly progressive ILD.
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Challenging Cases
If clinical suspicion for DM is high, but clinical features and/or serologic data concerning myositis remain equivocal, 
EMG studies may be considered and show abnormalities supporting diagnosis in ~70-90% of DM cases.27,33,44 

Diagnostic evaluation may also benefit from T2-weighted MRI in areas of muscle weakness. Bilateral thigh MRI has 
demonstrated utility for patients with subjective muscle weakness but normal or only mildly elevated muscle enzymes.45 

Additionally, T1-weighted MRI images can be useful for detecting changes in muscle architecture suggestive of DM, 
particularly fatty infiltration.46 If MRI changes suggestive/consistent with myositis are identified, a targeted muscle 
biopsy for diagnostic confirmation can be considered on a case-by-case basis.44

Although muscle biopsy has classically been a key diagnostic procedure in patients with suspected DM, its invasive nature 
coupled with the discovery of MSAs, predictive value of serologic muscle inflammation markers, pathognomonic cutaneous 
manifestations, and hallmark cutaneous histologic features have made it less commonly utilized. Approximately 6% of DM 
patients have no or subtle skin involvement (dermatomyositis sine dermatitis) and may particularly benefit from muscle biopsy 
to aid in diagnosis.12

Although highly specific for DM, sensitivity of muscle biopsies showing the hallmark feature of perifascicular 
atrophy is only 47%.47 Other histologic features include complement deposition on endomysial capillaries, decreased 
capillary density, and perifascicular expression of MHC I.48 Both perimysial and perivascular mixed inflammation are 
also common.2 A recent study suggested immunohistochemical staining for myxovirus resistance protein A (MxA), 
a marker for type I IFN activity, in myofibers of muscle biopsies is a better indicator of DM muscle involvement than 
conventional histologic markers.47

Evaluation for Systemic Manifestations
Once a DM diagnosis is made, it is critical to assess and follow patients for presence/development of visceral organ 
involvement and malignancy, as these contribute greatly to morbidity and mortality.

Pulmonary Disease
ILD is the most common systemic manifestation of DM and occurs in ~15-30% of patients.49–51 Early symptoms 
suggestive of ILD include dry cough and progressive dyspnea. Severity can range from mild to rapidly progressive, and 
ILD is a leading cause of hospitalization and death in DM patients.49,50 Median time to ILD onset is 16.9–18 months 
after DM diagnosis, though ILD can develop anytime during the disease course and may occur despite treatment.51

Presence of particular MSAs may help determine ILD risk.52 ILD is most strongly associated with anti-MDA5 and 
ASTS MSAs.53 Furthermore, presence of MDA-5 antibodies is associated with rapidly progressive ILD (RP-ILD) and 
poor prognosis.54 In patients with other MSAs, ILD prevalence varies, with estimates ranging from 18% with anti-TIF1γ 
to 40% with anti-SAE1 antibodies.55

Although dry cough and dyspnea may suggest presence of ILD, using symptoms as ILD markers may be unreliable.50 

In DM, impaired ventilation and clinical signs suggestive of ILD may occur secondary to myositis affecting the 
diaphragm and accessory respiratory muscles.48 The ACR recently published a summary of 2023 guidelines for screening 
and monitoring of ILD in patients with systemic autoimmune rheumatologic disorders (SARDS), including DM.56 This 
guideline statement conditionally recommends screening SARDS patients with both pulmonary function tests (PFTs; 
spirometry, lung volumes, and diffusion capacity) and high-resolution chest computed tomography (HRCT) scan at time 
of diagnosis. Importantly, these guidelines recommend against screening with chest radiography, 6-minute walking test, 
ambulatory desaturation testing, bronchoscopy, and lung biopsy.

For patients diagnosed with ILD, the 2023 ACR guidelines conditionally recommend monitoring with PFTs every 3– 
6 months during the first year, then less frequently once stable; ambulatory desaturation testing every 3–12 months, and 
HRCT as needed. If ILD is not identified on initial screening in DM patients, clinicians should continue monitoring for 
signs/symptoms of ILD onset. A high index of clinical suspicion for ILD development should especially persist in 
patients with anti-MDA5 and ASTS antibodies. The 2023 ACR guidelines suggest retesting if signs/symptoms of ILD 
develop and/or considering annual re-screening in high-risk patients.
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Although pulmonary arterial hypertension (PAH) is most often seen in patients with ASTS, it has rarely been reported 
in patients with DM.57 In such cases, it has been hypothesized that PAH is the result of microvascular disease.57 

Importantly, such patients may develop PAH without evidence of significant ILD.57

Cardiac Disease
Cardiac involvement in DM is associated with poor prognosis. Depending on consideration of clinical versus subclinical 
cardiac involvement, prevalence estimates range from 9% to 72% in DM patients.58 Manifestations may include 
subclinical diastolic dysfunction, arrhythmias, myocarditis, pericarditis, pericardial effusion/tamponade, cardiomyopathy, 
myocardial fibrosis, and congestive heart failure (CHF). No MSAs have consistently shown close correlation with cardiac 
involvement.59 Although previous studies have associated anti-SRP antibodies with increased risk of cardiac involve
ment, this is controversial in current literature.60,61

The most common subclinical cardiac manifestations are arrhythmias and conduction defects.62,63 Observed electro
cardiogram (ECG) abnormalities include bundle branch blocks, nonspecific ST-T wave changes, atrial or ventricular 
tachycardia, atrial fibrillation, atrioventricular conduction block, and QTc prolongation.62 Although often asymptomatic, 
some of these carry great clinical significance, as pathologically prolonged QTc intervals and complete atrioventricular 
block may lead to fatal arrhythmias and sudden cardiac death.

Clinically apparent cardiac involvement is uncommon in DM.63 The most frequently reported manifestation is CHF, 
occurring in ~10-15% of patients and presenting with typical clinical symptoms of dyspnea on exertion, orthopnea, and 
nocturnal dyspnea.62 Additionally, multiple factors including systemic inflammation, glucocorticoid use, and presence of 
underlying traditional cardiovascular risk factors in DM patients may lead to increased risk of cardiovascular events such as 
acute myocardial infarction, ischemic stroke, deep venous thromboses, and pulmonary emboli, which account for 15–55% of 
DM deaths.62–64

Currently, evidence-based screening guidelines for cardiac involvement are lacking and recommendations are based 
on expert opinions. Unfortunately, most cases are subclinical, and patients may not be appropriately evaluated for cardiac 
disease.62 Gupta et al recommend screening all DM patients with a cardiac history and ECG irrespective of cardiac 
symptoms.65 Basic cardiac labs such as Troponin I and pro-BNP should be considered in patients who report symptoms 
or have ECG abnormalities, and they should be referred to cardiology for further evaluation.

Gastrointestinal Disease
Gastrointestinal involvement primarily manifests as dysphagia secondary to active myositis affecting pharyngeal and upper 
esophageal skeletal muscle and occurs in ~18-20% of DM patients.66 Symptoms range from mild-to-severe dysphagia, the 
latter often associated with choking and risk of aspiration pneumonia, and sometimes requiring nasogastric and/or percu
taneous feeding tube placement.48 Presence of chronic diarrhea (lasting >4 weeks) in DM patients should prompt considera
tion of microscopic colitis.67 Relative risk of microscopic colitis in DM patients was found to be 14.1 in a relatively large 
cohort; CADM patients conferred a relative risk of 28.6.67 Other gastrointestinal manifestations are usually mild and 
typically manifest as motility disorders.68 Rarely, severe and life-threatening gastrointestinal manifestations may occur, 
including ulcerations, hemorrhage, perforation, and intestinal ischemia/infarction.68

Currently, there are no evidence-based screening guidelines for gastrointestinal involvement in DM patients. Aside from 
inquiring about dysphagia, Casal-Dominguez et al suggested screening for functional esophageal abnormalities in DM 
patients.66 Importantly, esophageal motility abnormalities have been detected with high-resolution manometry in absence 
of symptoms in DM patients. Other concerning gastrointestinal symptoms should prompt gastroenterology referral. Diagnosis 
of microscopic colitis requires colonoscopy with confirmatory colonic biopsy.

Other Visceral Organ Involvement
Renal dysfunction is uncommonly reported in DM patients and may present as acute kidney injury secondary to rhabdo
myolysis-induced kidney damage.69 Autoimmune chronic glomerulonephritis can also occur, with clinical features that 
include hematuria, proteinuria, and declining kidney function. Diagnosis requires renal biopsy. Cucchiari and Angelini 
advocate close monitoring for kidney function abnormalities, proteinuria, and urinary sediment in all DM patients.69
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Several hepatic manifestations in DM patients have been described, including non-alcoholic fatty liver disease, 
primary biliary cholangitis, and autoimmune hepatitis.70 Elevated transaminase levels are commonly noted in DM. 
However, as previously mentioned, evaluating GGT levels can distinguish between skeletal muscle and hepatic origin. 
Notably, there is a strong correlation between skeletal muscle ALT and CK levels.71 If ALT levels are inappropriately 
high compared to CK levels, GGT levels are elevated, or there are other signs of liver abnormalities, further investigation 
for liver disease is warranted.

Malignancy
DM is associated with an increased risk of malignancy, with an estimated incidence of 15–27%.72,73 The first year following 
DM diagnosis appears to be the highest-risk period for malignancy diagnosis. However, cancer-associated DM is typically 
defined as DM occurring within ± 3 years of a malignancy, and increased risk may persist for >5 years after diagnosis.74,75 

A large meta-analysis revealed decreasing malignancy risk in DM patients over time, with a standardized incidence ratio of 
17.29 in the first year following DM diagnosis, 2.70 from 2 to 5 years, and 1.37 beyond 5 years.73–75 Another meta-analysis 
identified several risk factors associated with malignancy, the strongest being presence of TIF1γ autoantibodies, conferring 
a four-fold increased risk.76 Other risk factors included age >45 years at DM diagnosis, male sex, dysphagia, and cutaneous 
ulceration.75,76 However, malignancy screening practices in DM patients vary greatly among clinicians and are a topic of debate.

All DM patients should be up to date on age-appropriate cancer screenings recommended by United States 
Preventative Services Task Force (USPSTF) and American Cancer Society (ACS) guidelines. However, a retrospective 
DM cohort study revealed 8 of 17 cancers identified by blind screening tests would have gone undetected based on ACS 
and USPSTF guidelines.77 In light of this, the authors of this study suggested age-appropriate malignancy screenings may 
not be aggressive enough in DM patients.75

Several groups have reported that chest/abdomen/pelvis CT imaging discovers a high percentage of cancers.76,77 

Whereas one prospective study found whole-body [(18)F] fluorodeoxyglucose positron emission tomography/CT (FDG- 
PET/CT) yielded similar results as CT scans, a retrospective cohort study found FDG-PET/CT was not more sensitive 
than conventional screening for detecting malignancies in DM patients and may be associated with increased numbers of 
subsequent biopsies.78,79

Notable DM Subtypes
Anti-MDA5 DM
Anti-MDA5 DM is typically amyopathic and characterized by high risk of ILD and distinctive cutaneous features 
(Figures 5A–C, 6A and B). The unique anti-MDA5 DM mucocutaneous phenotype is thought to reflect underlying 
occlusive vasculopathy. One of the most characteristic features is cutaneous ulceration, developing in up to 82% of anti- 
MDA5 patients.80 Cutaneous ulcers are strongly associated with ILD development and serve as an independent risk 
factor for pneumomediastinum in anti-MDA5 DM patients.81,82 Ulcers in anti-MDA5 patients are typically deep and 
punched-out and usually occur overlying interphalangeal joints and elbows, digital pulp, and/or periungual areas.71 

However, they may also occur on the chest, back, and other sun-exposed sites (Figure 6A). They are often associated 
with surrounding violaceous erythema and livedo reticularis, which are indicative of vasculopathy.

Palmar papules are another unique cutaneous feature of anti-MDA5 DM. Presenting as macules/papules on the palms and 
palmar aspects of fingers, these lesions are often painful and cause significant morbidity (Figure 5B). Other anti-MDA5 DM 
mucocutaneous features include diffuse alopecia, calcinosis, oral ulcers, and panniculitis.80,83 Other characteristic anti-MDA5 
DM systemic manifestations include seronegative rheumatoid arthritis (RA)-like arthropathy, fever, and fatigue.80

The key systemic manifestation of anti-MDA5 DM is ILD, with an estimated prevalence of 42–100%.80 Higher ILD 
prevalence has been reported among anti-MDA5 DM patients of Asian descent (~92-100%).84 Anti-MDA5-associated 
ILD is heterogeneous and ranges from smoldering to rapidly progressive (RP-ILD) disease linked with considerable 
mortality (Figure 6C–E). Odds of developing RP-ILD are >20 times higher in anti-MDA5-positive DM patients than in 
anti-MDA5-negative patients.85
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Independent risk factors for RP-ILD development in anti-MDA5 DM patients include age >50 years, serum LDH 
>300 IU/L, hyperferritinemia, elevated carcinoembryonic antigen, lymphopenia, and neutrophil-to-lymphocyte ratio >7 
at diagnosis.86,87 Additionally, patients with higher anti-MDA5 antibody titers appear more likely to develop RP-ILD and 
less likely to respond to therapy. Alternatively, presence of arthralgias has been identified as protective against RP-ILD 
development.87

Anti-Synthetase Syndrome (ASTS)
ASTS is categorized by autoantibodies against aminoacyl-tRNA synthetases, including Jo-1, PL-7, PL-12, OJ, EJ, KS, 
Zo, and Ha.39 Anti-Jo-1 antibodies are most common, accounting for up to 75% of all anti-aminoacyl-tRNA antibodies.88 

ASTS presents with a triad of myositis, arthritis, and ILD in up to 90% of patients. Raynaud’s phenomenon, fever, and 
rashes are variably present. Mechanics’ hands are a characteristic cutaneous manifestation found in 16–21% of ASTS 
patients and present as fissured, hyperkeratotic papules/plaques on the palmoplantar and lateral edges of hands/fingers/ 
feet/toes (Figure 3C). Some studies have associated mechanic’s hands with increased ILD rates, particularly in those with 
anti-Jo-1 antibodies.89 Arthralgias and arthritis are seen in 54–70% of ASTS patients, most commonly presenting as 
a symmetric polyarticular arthritis.90 Isolated arthritis is the presenting symptom in ~25% of patients and may be 
misdiagnosed as RA.91

Figure 5 Characteristic Cutaneous Manifestations of MDA5-associated Dermatomyositis. (A) A 52-year-old man with MDA5(+) DM and deep, punched out ulcers involving 
the palmar and lateral aspects of numerous fingers. Note the associated violaceous discoloration suggestive of underlying vasculopathy. (B) A 42-year-old woman with MDA5 
(+) DM-associated palmar papules with central ivory-white discoloration and surrounding violaceous erythema near the creases of interphalangeal joints. (C) A 67-year-old 
man with MDA5(+) DM-associated crusted erosions and ulcers and violaceous erythema involving his elbow and forearm.
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The hallmark pulmonary manifestation of ASTS is ILD, with an estimated prevalence of 70–95% and representing 
the major contributor to morbidity and mortality.89,92 Patients with anti-PL-7 and anti-PL-12 antibodies more frequently 
have ILD than patients with anti-Jo-1 antibodies (90% vs 60%, respectively, in a relatively large ASTS cohort), and it 
seems to be more severe and rapidly progressive.93 Although ILD prevalence is high, ASTS patients tend to have better 
prognoses, improved therapeutic responses, and lower mortality compared to those with anti-MDA5 antibodies.85,89 Also 
reported in ASTS is PAH, with a prevalence of 8–21% and occurring more commonly in those without anti-Jo-1 
antibodies.89,94 When present, pulmonary hypertension is independently associated with decreased survival.89,94

Of note, the spectrum of ASTS is heterogeneous, and the typical clinical triad of manifestations may not be present at 
disease onset.95 Importantly, presence of all typical clinical manifestations is not necessary for making a diagnosis of ASTS. 
However, establishing an accurate diagnosis based on limited manifestations at initial presentation can be challenging. With 
that said, recognizing that initial symptoms can correlate with specific MSA, such as isolated arthritis with anti-Jo-1 
antibodies, isolated myositis with anti-OJ antibodies, and isolated ILD with anti-PL-7, anti-PL-12, or anti-EJ antibodies can 
increase clinical suspicion for ASTS in astute clinicians.95 Other clinical manifestations of ASTS may emerge gradually over 
time, underscoring the importance of persistent monitoring of patients following initial presentation.

Dermatomyositis Treatment
Treatment approaches to DM depend on multiple factors, including presence/severity of myositis, cutaneous lesion type 
(non-vasculopathic vs vasculopathic), extent of cutaneous involvement, cutaneous symptoms, visceral organ involve
ment, presence of underlying malignancy, and type of MSA. There is significant overlap in treatment options for CDM 
and CADM. Systemic glucocorticoids are the mainstay treatment for DM, especially when myositis is present. These are 

Figure 6 MDA5(+) Dermatomyositis-associated Rapidly Progressive Interstitial Lung Disease. A 58-year-old woman admitted with shortness-of-breath and a rash consisting 
of (A) crusted ulcerations involving the V-neck area and (B) violaceous-to-hyperpigmented papules overlying the interphalangeal joints of her hands. A lesional punch biopsy 
from the V-neck area revealed vacuolar interface dermatitis and (C) CT chest at baseline revealed patchy opacities throughout the lungs and focal areas of fibrosis. Despite 
aggressive treatment her pulmonary opacities and fibrotic CT changes progressed and pulmonary function decreased over (D) 2 months and (E) 7 months and she 
eventually expired from her disease.
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typically prescribed at doses of 0.5–1.0 mg/kg/day initially in an outpatient setting, with tapering based on treatment 
response. When patients are hospitalized because of more severe myositis, higher doses of IV glucocorticoids are often 
administered in attempts to promptly halt further skeletal muscle damage. Not uncommonly, pulse methylprednisolone 
therapy (1000mg daily for 3–4 consecutive days) is given with this goal in mind.

Typically, steroid-sparing immunomodulatory agents are immediately prescribed along with glucocorticoids at time of 
diagnosis with the goal of minimizing cumulative glucocorticoid exposure because DM is a chronic disease and most 
steroid-sparing immunomodulatory agents require several months before optimal effects can be expected. The most 
commonly prescribed drugs include methotrexate, azathioprine, mycophenolate mofetil (MMF), and hydroxychloroquine. 
Calcineurin inhibitors, tacrolimus and cyclosporine, and repository corticotropin injections may also be effective.96

For skin manifestations, all patients should be educated about strict photoprotection, as ultraviolet light exposure may 
exacerbate disease activity.97 Patients are typically offered a topical medication regimen that includes either glucocorticoids or 
calcineurin inhibitors. However, in our experience, currently available topical medications are largely ineffective for DM, 
especially for treating significant pruritus. Thus, most patients require systemic therapy to control cutaneous disease activity.

The most widely accepted first-line systemic treatments for moderate-to-severe cutaneous disease are MMF and metho
trexate, although other previously mentioned therapies may also be used.98,99 A single-center cohort study demonstrated that 
MMF monotherapy was associated with increased odds of achieving clinical cutaneous disease remission (OR 6.00) compared 
to other therapies.100 Notably, most patients who achieved clinical remission were receiving 3g of MMF daily. Methotrexate 
has been demonstrated to be effective in clinical trials and may be preferred due to cost and once-weekly dosing schedules.98 

Unfortunately, skin disease in both CDM and CADM often tends to be resistant to treatment with these standard therapies, 
even when myositis is well-controlled, necessitating combination systemic immunomodulatory medication regimens.100

Intravenous immunoglobulin (IVIG) has become a favored treatment for severe/refractory DM.98,101,102 In patients with 
severe myositis, especially when dysphagia is present, IVIG is typically initiated immediately and often along with pulse 
glucocorticoid therapy. In other cases, however, IVIG therapy is typically reserved for those with refractory muscle, skin, or other 
DM manifestations due to cost, limited supply, and logistical inconveniences of infusions. Importantly, IVIG has recently 
achieved FDA approval in the US for adult DM treatment based on results of the ProDERM clinical trial.103 In the ProDERM 
trial, the primary endpoint (total improvement score ≥20 at 16 weeks) was met in 79% of patients who received 2g/kg IVIG every 
4 weeks, compared to 44% in the placebo group. There was also significant improvement in cutaneous disease activity in the 
IVIG versus placebo group based on Cutaneous Dermatomyositis Activity and Severity Index Activity (CDASI-A) scores. 
A retrospective study demonstrated that 83% of DM patients with refractory skin disease improved after initiating IVIG, 
regardless of disease subtype, and 80% were able to decrease/discontinue immunosuppressive therapies.101

Rituximab is another option for refractory DM. A randomized, placebo-controlled trial demonstrated myositis 
improvement in 83% of children and adults, but differences between rituximab and placebo arms were not statistically 
significant.104 Utility of rituximab for treating cutaneous DM has been met with mixed results.105,106 However, rituximab 
has shown efficacy in treating ILD and vasculopathic lesions in anti-MDA5(+) patients.107,108

The choice of therapy may depend on patient comorbidities and/or DM manifestations. For example, MMF has also 
shown efficacy in treating ILD and is often the preferred initial therapy.109 Cyclosporine and tacrolimus have also shown 
efficacy in ILD and may be appropriate treatment options in these patients, although their use is limited by adverse 
effects and intensive monitoring requirements.110

Antimalarials are most often used as adjuvant agents in DM patients with cutaneous disease or arthritis.111 Previously, 
HCQ was considered a first-line systemic agent for DM. However, recent data suggest that it has limited efficacy as 
monotherapy and is associated with an increased risk of severe cutaneous allergic reactions in DM patients, especially 
those with anti-SAE antibodies.111–113

Vasculopathic cutaneous lesions, as observed in patients with MDA5-associated DM, are challenging to treat. In addition 
to abovementioned medications, concomitant treatment with vasodilatory/vasoactive agents such as nifedipine, sildenafil, 
pentoxifylline, and bosentan can be particularly useful for healing ulcers and palmar papules in both studies and our 
experience.80,114
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Unmet Needs
Malignancy Screening
Although DM diagnosis typically triggers an extensive screening work-up to search for an underlying malignancy, 
a mortality benefit, which is the gold standard for supporting screening procedures, has never been demonstrated.115 

Thus, the benefit–risk ratio of extensive malignancy screening in all DM patients is questionable. It is extremely 
important for clinicians to recognize the unproven utility of malignancy screening, and the fact that screening tests 
have potential for causing patient harm.75

Newly published DM malignancy screening guidelines based on an International Myositis Assessment and Clinical 
Studies Group (IMACS) initiative represent a significant advancement towards evidence-based screening; however, much 
work, including demonstration of real-world utility, is still needed.116 Arguably, the best current strategy for addressing 
malignancy screening in DM patients is to use shared decision-making strategies, which represents our approach. Shared 
decision-making takes into account patients’ experiences, priorities, and goals to help them make informed decisions.117 

A shared decision-making approach first involves clinicians discussing risks/benefits of malignancy screening with DM 
patients, which is not trivial. In one study, nearly all patients reported that clinicians addressed benefits of cancer screening, but 
only ~25% reported receiving information about risks.118 Additionally, a systematic review of beliefs concerning benefits/ 
harms of medical interventions, including screening tests, found that clinicians more often overestimated benefits and 
underestimated harms.119

In 2015, the High-Value Care Task Force of the American College of Physicians (HVCTF-ACP) published a framework 
for cancer screening with high-value care.120 In their framework, the HVCTF-ACP emphasized need to identify a high-risk 
patient subset in whom malignancy screening is likely to have a favorable benefit–risk ratio. Recently, novel research 
concerning malignancy in DM patients has inspired the future possibility of identifying high-risk DM patient subsets.

In 2022, Fiorentino et al evaluated for the presence of additional autoantibodies in serum from DM patients with anti- 
TIF1γ autoantibodies.121 Four autoantibodies with frequencies >6.5% in two TIF1γ-positive DM cohorts, with anti-cell 
division cycle and apoptosis regulator protein-1 (anti-CCAR1) antibodies being the most prevalent. Interestingly, presence of 
anti-CCAR1 antibodies was negatively associated with cancer emergence within 3 years of DM onset. Additionally, 
a statistically significant inverse dose–response relationship was found between number of additional autoantibodies and 
cancer emergence. Although 30% of patients were diagnosed with cancer within 3 years of DM diagnosis when anti-TIF1γ 
autoantibodies alone were present, only 15% developed cancer within 3 years when one additional autoantibody was present, 
and no patients developed cancer when >2 additional autoantibodies were present. Furthermore, patients with anti-CCAR1 
autoantibodies who eventually developed cancer were typically diagnosed later after DM diagnosis and at an earlier stage 
(89% TNM stage 0/1) than those without anti-CCAR1 antibodies (42% TNM stage 0/1).

Fiorentino et al proposed that a cancer–DM relationship can be explained within the framework of cancer immunoediting. 
During cancer development and progression, neoantigens are exposed to the host’s immune system as mutations accumulate. 
Fiorentino et al’s data are consistent with a model supporting the breadth of the immune response to cancer dictates whether 
the cancer will emerge or remain quiescent. In patients with relatively poor immune responses against cancers, TIF1γ 
autoantibodies alone are generated, DM develops, cancers easily escape the poor immune response, and are diagnosed 
early after DM diagnosis, typically at advanced stages. In patients with more robust immune responses against cancers, 
multiple autoantibodies develop (anti-TIF1γ/CCAR1/possibly others), DM develops, but more robust immune responses 
effectively keep cancers in a subclinical equilibrium state; over time cancers eventually escape the immune responses, but they 
are diagnosed relatively late after DM diagnosis and at earlier stages than in patients with TIF1γ autoantibodies alone. Finally, 
in patients with the most vigorous immune responses against cancers, numerous autoantibodies develop (anti-TIF1γ/CCAR1/ 
numerous others). DM still develops, but no cancers emerge due to either their elimination or persistent control in an 
equilibrium state by effective immune responses.

Although validation is still required, this model suggests that a higher percentage of patients than previously thought may 
develop DM due to underlying cancer; however, whether cancers manifest clinically depends upon the robustness of host 
immune responses against them. Importantly, this model also suggests that testing for the presence of additional autoanti
bodies, such as anti-CCAR1 and anti-Sp4, may be helpful in identifying a high-risk, TIF1γ-positive DM subset in whom 
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malignancy screening would be expected to have a high benefit–risk ratio.122 Despite much future work being needed, this 
concept may represent a significant breakthrough in our understanding of cancer-associated DM, and one can imagine 
ordering a myositis autoantibody panel in the future whose results can stratify malignancy risk in DM patients to help 
determine who should undergo malignancy screening and who can forego it.

Treatment of MDA-5-Associated RP-ILD
The refractory nature of RP-ILD in anti-MDA5 DM patients makes development of effective treatment strategies extremely 
important.123 Although typical DM treatments have been attempted for MDA5-associated RP-ILD, these are variably 
effective, and better treatments represent a significant unmet need. There is also a lack of well-designed randomized controlled 
trials for MDA5-associated RP-ILD treatment, making it difficult to develop useful treatment algorithms.80

Treatment for RP-ILD is guided by severity at time of diagnosis. First-line treatment for milder RP-ILD with MMF is 
suggested in several studies.80,124 In addition to addressing inflammation, MMF decreases expression of profibrotic cytokines 
and may attenuate the RP-ILD course.125,126 In a large cohort study, MMF resulted in stable or improved lung function in most 
at 2.5 years.125

Tofacitinib has also been successfully used to treat MDA5-associated RP-ILD. A retrospective study of MDA5-associated 
RP-ILD patients revealed improved 6-month and 1-year all-cause mortality in those receiving tofacitinib compared to 
tacrolimus.127 Additionally, an open-label study revealed improved survival rates in MDA5-associated RP-ILD patients 
treated with tofacitinib (100% survival) compared to those treated with conventional immunosuppressants (78% survival).128 

Although these are small studies, their results show promise for Janus Kinase (JAK) inhibitors as potentially effective RP-ILD 
treatments.

Despite possible effectiveness of single agents, most patients with MDA5-associated RP-ILD presently require combina
tion immunomodulatory regimens. Numerous studies have evaluated treatment of MDA5-associated RP-ILD with either 
a combination of glucocorticoids and calcineurin inhibitors or triple therapy with glucocorticoids, calcineurin inhibitors, and 
IV cyclophosphamide.123,129,130 A systematic review suggested a survival benefit for patients who received initial combina
tion therapy with pulse-dose glucocorticoids, calcineurin inhibitors and/or IV cyclophosphamide compared to step-up 
therapy.123 Nakashima et al demonstrated a 75% survival rate in patients who received triple therapy versus 28.6% receiving 
step-up therapy.129 In a multicenter prospective study, overall survival rate of MDA5-associated RP-ILD patients receiving 
initial triple therapy was 85% at 12 months versus 33% receiving step-up therapy.130

Addition of rituximab and/or IVIG to various treatment regimens has also been reported to be effective for MDA5- 
associated RP-ILD in small cohorts.107,108 In one retrospective study, 5 of 8 MDA-5-associated RP-ILD patients demonstrated 
clinical improvement in PFTs, chest imaging, and ferritin levels following treatment with rituximab.108 For IVIG, 
a retrospective study demonstrated decreased mortality (22.6%) in IVIG-treated patients compared to non-IVIG-treated 
patients (52.9%).131

Plasma exchange may also be a potential salvage therapy for anti-MDA5-positive patients with refractory RP- 
ILD.132,133 In a retrospective study of 10 patients with RP-ILD refractory to intensive immunosuppressive therapy, the 
1-year survival rate was 100% in the plasma exchange group versus 25% in the non-plasma exchange group.132 High 
ferritin levels, older age, pulmonary dysfunction severity, and higher HRCT scores may predict benefits from plasma 
exchange.133 More recently, intensive induction therapy consisting of triple therapy, rituximab, tofacitinib, and plasma 
exchange showed significant survival benefits in MDA5-associated RP-ILD patients.134 However, this heavily immuno
suppressive regimen increased risk of adverse events. Finally, extracorporeal membrane oxygenation (ECMO) bridging 
to lung transplantation may serve as a life-saving salvage therapy for MDA5-associated DM patients with refractory RP- 
ILD based on several case reports and series.124,135

Reports supporting several emerging therapies for MDA5-associated RP-ILD have also been reported. Basiliximab, 
an IL-2 receptor/CD25 monoclonal antibody that targets activated lymphocytes, was effective in 3 of 4 patients with 
refractory RP-ILD.136 Daratumumab, an anti-CD38 antibody, has also been effective in several patients with severe and 
refractory RP-ILD.137 Well-designed prospective, randomized clinical trials are needed to better evaluate these and other 
emerging therapies for MDA5-associated RP-ILD.
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Novel DM Treatments
While disease activity can be controlled in many patients with currently available DM treatments, most are broadly 
immunosuppressive, and there is a tremendous need for more targeted and effective treatments. Although recently FDA- 
approved in July 2021, IVIG has long been utilized to effectively treat skin, musculoskeletal, and other DM manifestations. 
Luckily, there has recently been great interest in bringing novel medications to patients suffering from DM (Table 2). An anti- 
IFNβ monoclonal antibody (PF-06823859, Dazukibart; Pfizer) is one of the most promising emerging DM therapies. Recently, 
results of a Phase 2 trial evaluating efficacy, safety, and tolerability of PF-06823859 in patients with skin-predominant DM 
were reported.138 In this trial, PF-06823859 150 mg and 600 mg IV every 4 weeks both met the primary endpoint of 
significantly decreasing CDASI-A scores at 12 weeks compared with placebo. A minimal clinically significant change in 
CDASI-A score was observed in >96% of patients and a decrease in CDASI-A score of >40%, which has been correlated with 
improved quality of life, was observed in >80% of patients.138,139 Myositis parameters also improved in a cohort of CDM 
patients.140 Based on these exciting results, a multicenter Phase 3 trial is underway.141

JAK inhibitors are also currently being explored as therapeutic agents for DM. Currently, there are two active phase 3 
multicenter trials evaluating efficacy and safety of JAK inhibitors for treating adult DM. The VALOR trial is evaluating 
efficacy and safety of brepocitinib, a dual TYK2/JAK1 inhibitor, for adult DM.142 The BIRD trial is evaluating efficacy 
and safety of baricitinib, a dual JAK1/JAK2 inhibitor, for adult DM.143 GALARISSO is a phase 2 trial evaluating 
GLPG3667, a selective TYK2 inhibitor, for adult DM.144 Although the pan-JAK inhibitor, tofacitinib, was shown to be 
efficacious for adult DM in a small, open-label trial, future plans are unclear.145

In addition to the above trials, numerous other medications are currently being studied or have completed Phase 1–3 
clinical trials for the treatment of adult DM. Other medications currently/already studied include CAR-T therapy, ravulizumab, 
IMO-8400, GLPG3667, Enpatoran, and abatacept.146–151 Thus, the next decade may represent an exciting period for DM 
patients marked by approval of novel medications that can better control disease or even favorably alter disease course.

Table 2 Completed, Active and Planned Clinical Trials Evaluating Novel Medications for Dermatomyositis

Medication Mechanism of Action Status ClinicalTrials.gov ID

PF-06823859 (Dazukibart) Anti-IFNβ Monoclonal Ab Actively enrolling NCT05895786

Brepocitinib Dual TYK2/JAK1 Inhibitor Actively enrolling NCT05437263

Baricitinib Dual JAK1/JAK2 Inhibitor Actively enrolling NCT04972760

GLPG3667 Selective TYK2 Inhibitor Actively enrolling NCT05695950

Ravulizumab Anti-C5 Monoclonal Ab Actively enrolling NCT04999020

CD19-targeted CAR-T Therapy Depletes CD19-expressing B-cell lineage in blood and tissue Actively enrolling NCT06056921

Low-dose IL-2 Increases TREG cells Actively enrolling NCT05495321

IMO-8400 TLR 7/8/9 Antagonist Phase 2 completed NCT02612857

KZR-616 Selective inhibitor of the immunoproteasome Phase 2 completed NCT04033926

Enpatoran TLR 7/8 Inhibitor Actively enrolling NCT05650567

Itolizumab Anti-CD6 monoclonal Ab Not yet recruiting NCT05986162

Froniglutide Long-acting GLP-1 ELP-120 fusion protein Actively enrolling NCT05833711

Daxdilimab Anti-ILT7 monoclonal Ab; depletes pDCs Actively enrolling NCT05669014

Abatacept Soluble CTLA-4 analog that prevents APCs from  

delivering the co-stimulatory signal

Phase 2b completed NCT01315938

Abbreviations: IFNβ- Interferon β; TYK2, tyrosine kinase 2; JAK1, Janus kinase 1; JAK2, Janus kinase 2; C5, complement C5; CAR-T- Chimeric Antigen Receptor 
T Lymphocytes; TREG- T regulatory cells; TLR, toll-like receptor; GLP-1, glucagon-like peptide-1; ELP, elastin-like peptide; ILT7, immunoglobulin-like transcript 7; CTLA-4, 
Cytotoxic T-Lymphocyte Associated Protein 4; APC, antigen-presenting cells.
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Conclusions
DM is a heterogeneous immune-mediated disease associated with various cutaneous manifestations and variable presence of 
myositis and visceral organ involvement. Discovery of MSAs has allowed for characterization of associated clinical phenotypes 
that can help guide work-up for various DM-associated manifestations. Although malignancy-associated DM is well accepted, 
little evidence currently supports extensive malignancy screening in all patients has a favorable benefit–risk ratio. However, 
future research may lead to identification of high-risk DM patient subsets for which malignancy screening may have high value. 
Finally, there is a need for more targeted and effective therapies for DM, in general, and for MDA5-associated RP-ILD. 
Fortunately, significant research evaluating various novel medications for DM provides hope for exciting future advances in 
patients suffering from this intriguing disease.
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