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Abstract  

 
The adult and juvenile idiopathic inflammatory myopathies (IIM) are systemic 

autoimmune diseases with the hallmark of muscle weakness and inflammation.  We 

review the major tools available to clinicians and researchers to evaluate the outcome of 

myositis treatment. Validated, well-standardized measures to assess disease activity, 

known as core set measures, were developed by international myositis networks for use 

in clinical trials. Composite response criteria using weighted changes in the disease 

activity core set measures were developed and validated for adult and juvenile 

dermatomyositis and adult polymyositis, with different thresholds for minimal, moderate, 

and major improvement in adults and juveniles. Additional measures of muscle strength 

and function are being validated to improve content validity and sensitivity to change. A 

health-related quality-of-life measure with patient input in content is being developed for 

adult myositis patients. Disease state criteria, including criteria for inactive disease and 

remission, are being used as secondary trial endpoints.  Muscle magnetic resonance 

imaging and immunologic biomarkers are promising to discriminate between disease 

activity and damage and may provide much-needed objective outcomes. These 

advances in the outcome assessment of myositis, along with collaborations among 

international networks, should facilitate further development of new therapies for 

myositis patients. 
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Key Points 
 

 The primary assessment of myositis includes core set measures of disease 

activity, damage, and measures of patient-reported outcomes. 

 A new composite myositis response criterion has been developed and validated; 

it combines and differentially weights core set activity measures to determine 

minimal, moderate, and major clinical response. 

 Measures of muscle strength and function, including home monitoring of physical 

activity, are being refined for myositis subgroups and being used as primary or 

secondary outcome measures in myositis studies.  

 Disease-specific patient-reported outcomes, including health-related quality-of-

life measures that reflect patient perspectives, are being developed. 

 Imaging and immunologic biomarkers provide objective measures that 

discriminate activity and damage, but they need to be validated in clinical trials. 

 
 
 
Glossary 
 
Core set measures: Minimum set of validated assessments that are recommended to 
be used in therapeutic trials and natural history studies. 
 
Response criteria: A set of conditions, usually involving combinations of assessment 
tools, that defines clinically important improvement in disease symptoms and signs, 
which allows investigators, clinicians, regulators, and patients to determine the efficacy 
(or lack thereof) of a given therapeutic intervention and enables all of those persons to 
communicate about response to treatment by using the same metric. 
 
Manual muscle testing: A method for assessing the strength of individual muscle 
groups based on the performance of a movement in relation to the forces of gravity and 
manual resistance by the examiner.   
 
Dynamometer: A device that measures muscle strength during muscle contraction, 
such as gripping, pushing, and pulling. 
 
Patient-reported outcome measures (PROMs): A measurement based on information 
provided directly by the patient (i.e., study subject) about the status of his/her health 
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condition, without amendment or interpretation of the patient’s response by a clinician or 
anyone else. 
 
Health-related quality of life (HRQoL): A multidimensional assessment of a subject’s 
health that includes domains related to physical, mental, emotional, and social 
functioning. It goes beyond direct measures of health, life expectancy, and causes of 
death, and focuses on the impact that health status has on quality of life. 
 
Magnetic resonance imaging (MRI): An imaging technique that uses a magnetic field 
and radio waves to create detailed images of the organs and tissues within the body. 
 
Biomarker: A measurable indicator of normal biological processes, pathogenic 
processes, or responses to an exposure or intervention, including therapeutic 
interventions. 
 
 
  



7 
 

The idiopathic inflammatory myopathies (IIM) are a diverse group of autoimmune 

diseases characterized by chronic muscle inflammation and associated weakness. 

However, the IIM are complex, systemic diseases, with skeletal muscle involvement and 

frequent manifestations in other organ systems, including skin, joints, cardiopulmonary, 

gastrointestinal, and constitutional systems. Myositis researchers have come to 

understand that to adequately evaluate patients, assess their responses to therapies, 

and track long-term outcomes, it is necessary to assess the following constructs: 

disease activity, that is, the type, extent, and severity of reversible manifestations due to 

myositis; disease damage, which includes persistent changes from previously active 

disease related to scarring, atrophy, or fibrosis, long-term complications of therapy, or 

comorbid conditions; and patient-reported outcome measures (PROMs), including 

patient reports about physical function and health-related quality of life (HRQoL); as well 

as objective measures, such as imaging and biomarkers1. The formation of international 

collaborative groups of clinicians and researchers with special interest in myositis, 

including the International Myositis Assessment and Clinical Studies Group (IMACS) and 

the Paediatric Rheumatology International Trials Organisation (PRINTO)2, has resulted 

in the development of standardized, well-validated assessment measures to evaluate 

these constructs. This review highlights recent developments in the assessment of 

myositis outcomes.  

Core set measures  

To assess patients with dermatomyositis (DM), polymyositis (PM), and juvenile 

dermatomyositis (JDM), international consortia of collaborating myositis investigators 

have developed and validated core set measures (CSMs) to assess disease activity in 

adult (IMACS) and juvenile patients (IMACS and PRINTO), as a minimum set of 

measures to comprehensively assess disease that would be performed and reported in 
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all clinical studies and therapeutic trials of myositis (Table 1)3. These measures are 

practical, well-standardized, and reliable; they are easy to use in multicentre 

international studies, applicable to all forms of myositis, and are well validated. The 

PRINTO CSMs of activity for JDM received provisional acceptance by the American 

College of Rheumatology (ACR) and the European League Against Rheumatism 

(EULAR)3,4. The IMACS CSMs have been recommended for use in patients with 

inclusion body myositis (IBM) without supporting validation studies, but they are not 

universally accepted for this subgroup5.  

The CSMs of disease activity have also been responsive to changes in disease 

activity, as demonstrated in several recent therapeutic trials for JDM and adult DM/PM6-

10. The degree of change in each disease activity measure that is clinically significant 

has also been established, with at least 20% improvement in all IMACS or PRINTO 

CSMs, except 30% improvement in muscle enzymes, considered as a minimally 

clinically meaningful degree of change; moderate and major changes in CSMs of activity 

have also been defined11. The relative degree of importance of each measure has been 

determined using conjoint analysis, with muscle strength being considered most 

important and physician global activity (PGA) followed by extramuscular activity as next 

in importance among the CSMs of disease activity for adult DM/PM and JDM11. 

The Myositis Damage Index, one of the primary CSMs for damage, has been 

validated for adult DM and PM and for JDM and used in several studies to assess long-

term outcomes and disease sequelae (reviewed in3). Other measures of damage include 

physician global damage on a 10-cm Likert scale, as well as physical functional disability 

measures (Table 1).  In addition, a measure of strength, as well as effects on growth and 

development, are also recommended by PRINTO in the assessment of damage in 

patients with JDM4.   
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The CSMs of disease activity and damage have been widely adopted, not only 

by IMACS and PRINTO, but also by other groups12,13. Limitations in the CSMs include 

their lack of validation in IBM and variations among specialists in the assessment of 

strength and function, as detailed below. 

Myositis response criteria  

Response criteria provide standardized measurements of change in disease activity in 

response to a therapeutic intervention, as well as determination of whether a therapy is 

efficacious14. Initial partially validated response criteria for JDM, DM, and PM included 

the preliminary definitions of improvement, which required at least 20% improvement in 

a minimum of three of six CSMs of disease activity to determine that patients met 

minimal clinical improvement criteria15,16. These preliminary response criteria were used 

successfully as primary endpoints in several therapeutic trials, but they defined only 

minimal clinical improvement, were partially validated, and lacked good sensitivity and 

discriminatory validity in randomized trials6-10.  

The recent development of data- and consensus-driven conjoint analysis–based 

hybrid myositis response criteria for adult DM and PM and JDM, with quantitative 

assessment of improvement on a continuous scale and with different thresholds for 

minimal, moderate, and major improvement, marks a major advancement for assessing 

response to treatment in myositis clinical trials and studies11. These composite response 

criteria are based on weighted scores given to absolute percentage improvement in the 

six CSMs (Table 2). They were developed using large patient datasets; novel conjoint 

analysis methodology17-21; clinical trial validation; and, finally, consensus among adult 

and pediatric myositis experts who specialize in rheumatology, neurology, and 

dermatology.  They are now approved as final myositis response criteria by the ACR and 
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EULAR22-25. These criteria are the same for adult and juvenile patients, but with different 

thresholds for the varying degrees of response.  

The 2016 ACR-EULAR myositis response criteria for adult PM/DM and JDM are 

hybrid criteria; that is, the same criteria can be used as a continuous or as a categorical 

outcome. These criteria generate a Total Improvement Score (TIS), on a scale of 0–100, 

which provides a quantitative degree of improvement for each subject that can be 

compared between treatment arms using mean or median scores of all enrolled patients. 

The TIS is the sum of the improvement reflected in each of the six CSMs of disease 

activity, but the individual CSMs are weighted, such that those deemed more important 

provide a greater contribution to the final score. For example, changes in the manual 

muscle testing (MMT) and PGA scores are weighted more heavily than changes in the 

Health Assessment Questionnaire (HAQ) or most abnormal enzyme. Continuous 

measures may allow for better power (especially useful for pilot studies) and have 

greater sensitivity to change26. The criteria also provide categorical outcomes of minimal, 

moderate, and major improvement, where the proportion of patients achieving a desired 

response could be compared between treatment arms. These new response criteria also 

have several limitations; most notably, they cannot be used for disease flare or 

remission states (Box 1).  

 

Measures of strength and function 

The primary feature of the IIM is muscle weakness, for which the location, severity, and 

progression vary according to the phenotype and the patient27-31. Muscle weakness 

results in functional limitations (disability), which can be assessed by standardized motor 

tasks or estimated by questionnaires and scales. While muscle strength and functional 

measures are part of the CSMs, additional measures of strength and function have been 

examined, with the goals of improving performance and measurement sensitivity, 
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covering aspects of disease not adequately assessed by CSMs, and developing more 

appropriate measures applicable to patients with IBM. The assessment of muscle 

strength and function requires adequate assessor training and patient participation for 

optimal performance. The choice of assessment tool should be based on the study 

population and goals of the study or clinical trial. 

Muscle strength assessment  

Muscle strength can be measured by several techniques (Table 3), generally in isometric 

conditions. MMT is used most commonly in clinic; has been validated for DM, PM, and 

JDM3,27; is a CSM1,4; and has been used as a primary or secondary outcome measure in 

many IIM therapeutic trials1,6-11. MMT has high practicality and low time and equipment 

requirements, as well as adequate inter- and intra-rater reliability and validity when 

performed by a trained examiner32. The limitations of MMT include poor sensitivity to 

change as well as floor and ceiling effects in natural history studies3,27,33, but MMT has 

demonstrated good sensitivity to change in some clinical trials and has performed better 

than in natural history studies1,6-8,10.  Moreover, strength assessed by MMT appears to 

improve to a smaller degree than other CSM in patients who are improving11. However, 

in two small therapeutic trials for DM and PM, MMT and fixed dynamometry (measured 

by maximal voluntary isometric contraction testing) had similar responsiveness to 

change8,34. Another advantage of MMT is that scores from different muscle groups can 

be aggregated to generate composite scores that can be used to gauge overall 

improvement or progression both in clinical practice and in clinical trials, which is not 

possible using absolute values of strength, as measured by dynamometers. 

Muscle strength is increasingly being evaluated using dynamometer-based 

methods, which are used primarily in IBM and other neuromuscular diseases and rarely 
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in PM or DM28,29. The clinometric properties of the measures depend on the metrological 

features of the dynamometer itself and on the operating procedures utilized. One of the 

advantages of dynamometry is that it is more objective and less examiner-dependent 

than MMT. Combining the strength of different muscle groups is not consistent, however, 

due to their diversity in range. To compute composite values, it is necessary to express 

the data as a percentage of predictive values for age, weight, height, and/or sex. 

Normative data exist for several functions and for most of the methods, as well as for 

children, adolescents, and adults (Table 3). Dynamometry, to a lesser extent than MMT, 

may also have floor and ceiling effects, depending on the technique29. In IBM trials, 

hand-held dynamometry and maximal voluntary isometric contraction testing (mostly 

using hand-held or isokinetic dynamometers) have been used frequently, but different 

measures of strength are preferred by rheumatologists and neurologists. Quantitative 

muscle testing of quadriceps muscle using dynamometry appears to be most relevant as 

the affected muscle group that correlates best with disease progression and functional 

decline, and was more sensitive to change than the change in MMT in a natural history 

study of IBM5,28,29,35. 

Functional or disability measures  

Physical impairments affect patients’ day-to-day functioning, which can be assessed with 

task-oriented tests or functional assessment questionnaires (Table 4 and Supplementary 

Table 1). The generation of strength leads to the generation of movements organized to 

fulfill adult- or child-related motor tasks that can be evaluated by the time required to 

perform them (timed tests), the way they are performed, or the difficulty in performing 

them (scales and questionnaires). The best-validated observational functional test, 

which has also been used in therapeutic trials and is a CSM for JDM, is the Childhood 

Myositis Assessment Scale, which assesses muscle strength, observed function, and 
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endurance3,4,7. The Functional Index-2 (FI-2), an observational measure of muscle 

fatigue in which patients perform repetitive movements in eleven proximal and distal 

muscle groups of the upper and lower extremities, has good construct and content 

validity and rater reliability in adult DM and PM3,36. It is being used as a secondary 

endpoint in DM/PM therapeutic trials9,10. FI-2 is well tolerated by patients, does not 

require expensive equipment, and unilateral FI-2 requires only 20 minutes to complete. 

Recently, a new hybrid measure of muscle strength and function—a composite of the 

MMT-836 and three items of the CMAS—was developed for JDM and validated using 

three large multinational cohorts37.  

In neuromuscular disorders, several timed tests have been used in therapeutic 

trials or observational studies to assess muscle function, endurance, and fatigability. In 

addition to the FI-23,38, they include the 2- and 6-minute walking distance test 

(2/6MWDT)39, timed 10-meter walk/run test40, timed up-and-go test (TUG)39,41,42, 30-

second chair stand test (30s-CST)43,44, and Short Physical Performance Battery 

(SPPB)45,46 (Table 4).  Except for the 6MWDT, these tests have not been validated in 

adult or juvenile myositis. The 6MWDT has been widely used to assess gait 

performance and endurance capacity and was recently used as the primary endpoint in 

the (negative) bimagrumab therapeutic trial in IBM, the largest IBM trial to date47. In IBM, 

moderate correlation between the 2MWDT and the 6MWDT was shown, with the 

2MWDT being more feasible and less onerous for patients48. The number of 

observational functional tests must be limited to avoid patient fatigue. They must be 

selected based on the patients’ characteristics and must be highly standardized. For 

most of the functional tests, normative data exist, and results may be expressed as a 

percentage of predicted normal values. Validated functional measures can be a strong 

secondary endpoint in myositis clinical trials or studies, especially in patients with 

baseline muscle weakness. 
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In contrast, questionnaires and scales that evaluate patients’ or parents’ self-

report of performance of common functions of daily activities can be self-administrated 

or administered by an interviewer. Although functional questionnaires have significant 

advantages of feasibility and easy administration, they have the limitation of not directly 

assessing physical activity. These questionnaires will be discussed in the section on 

patient-reported outcome measures below (also see Supplementary Table 1). 

Physical activity monitoring 

Habitual physical activity can also be measured at home using accelerometers or other 

devices49. The use of accelerometry was recently pilot-tested in IIM50. A full validation 

study of 50 consecutive IIM patients is ongoing at two independent centers (Rohit 

Aggarwal and Olivier Benveniste, personal communication). Numerous variables, such 

as average daily step count and acceleration vector magnitude, can be used to describe 

the intensity, duration, and types of activities. Although physical activity monitoring has 

good face validity, further reliability and validity studies are needed in IIM. Major 

advantages of physical activity monitoring, if proven to be a reliable and valid outcome 

measure for IIM, are practicality, objectivity, continuous longitudinal monitoring, and lack 

of cognitive input from patient or examiner. However, interpretation of results must be 

performed, keeping in mind that the performance of physical activities depends mostly 

on behavioral factors, not only on motor capacities. A recent study showed poor 

agreement between actigraphy measurements and self-reported physical activity in 

JDM33. The patient must also be compliant to use the devices properly. 

It is important that all tools specifically developed for adult patients are also 

validated in the pediatric setting, taking into account the motor and developmental issues 

that are specific to growing children.  Children younger than 5 years of age often cannot 
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cooperate for strength and observational functional assessment, and equipment sizes 

may need to vary for children of different ages.  

 

Patient-reported outcomes  

The value of incorporating the patient's perspective when conducting clinical research 

has been increasingly appreciated. Therapeutic trials and observational studies should 

include patient-reported outcome measures (PROMs), i.e., assessment of the outcomes 

that matter most to patients. However, many clinical assessment tools used for 

rheumatic diseases have been developed with limited or no patient involvement, and 

patients themselves largely have not evaluated existing PROMs for their relevance, 

feasibility, and validity. Furthermore, not all PROMs can be used for the same disease, 

given the heterogeneity of presentations and the variable impacts on patients. Thus, 

disease-specific PROMs are vital in helping to standardize clinical trial outcomes.  

The currently available measurement tools for assessing PROMs in patients with 

myositis, including questionnaires that evaluate functional status, pain, fatigue, and 

HRQoL, are summarized in Supplementary Table 1. In terms of general questionnaire-

based assessment of daily life activities that are not myositis specific, the HAQ (and the 

Childhood HAQ [CHAQ], which parents complete for pediatric patients) is a PROM that 

has eight functional domains, including dressing, arising, eating, walking, hygiene, 

reach, grip, and social activities, with a total of 20 functional task items. Patients self-

report their functional level based on their level of difficulty in performing the task. The 

HAQ and CHAQ have been well-validated in DM, PM, and JDM; have been translated 

into multiple languages; and have been one of the CSMs used in PM/DM/JDM clinical 

trials3,4,6,7,51.  
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HRQoL is a multidimensional concept that includes domains related to physical, 

mental, emotional, and social functioning and is focused on how health status affects life 

quality. HRQoL is of particular relevance in IIM because, despite their improved 

prognosis with current treatment approaches, IIMs still have considerable impact on the 

HRQoL of patients52,53. PROMs have added valuable data on both treatment efficacy 

and QoL, which are immediately relevant to disease activity management54. A 

systematic review of published studies on HRQoL in myositis and a recent large North 

American registry study of adult IIM patients demonstrated that overall HRQoL is lower 

in all IIM subsets (DM, PM, and IBM) in comparison to both healthy populations and 

rheumatoid arthritis patients, and that active disease, higher damage score, and chronic 

illness are associated with poorer QoL52,55. Patients with JDM have significant 

impairment in their HRQoL compared with healthy peers, particularly in the physical 

domain, with physical well-being primarily affected by the level of functional 

impairment53.  

 IMACS has recommended use of the Short Form-36 (SF-36) for adult IIM and 

Child Health Questionnaire-Parent Form 50 (CHQ-PF50) for JDM to assess HRQoL, 

although the latter is costly, and SF-36 has not been fully validated in this context1,53,56. 

The CHQ-PF50 physical summary score is one of the validated PRINTO JDM CSM with 

good responsiveness properties in clinical trials4,7. Strength has been shown to correlate 

with HRQoL in DM and PM57, JDM58, and IBM59. 

No myositis-specific PROM has been developed to date, but effort is ongoing 

through the Outcome Measures in Rheumatology Clinical Trials (OMERACT) 

consortium. OMERACT has brought healthcare providers, patients, and other 

stakeholders together to evaluate, develop, and validate PROM for adult myositis under 

a framework known as the Myositis Special Interest Group (SIG)60-62. The Myositis SIG 

has evaluated PROMs in myositis and neuromuscular studies and clinical trials 
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according to the OMERACT filters of truth, discrimination, and feasibility (Supplementary 

Table 1)60. Review of the Myositis Activities Profile for DM/PM, one of the few myositis-

specific, validated PROMs in which adult patients were involved in its development, 

indicated that, although content was deemed relevant and significant to patients, there 

were several limitations, including the perception that many questions were vague or 

ambiguous, and the dimensions of “difficulty” and “importance” were difficult to 

understand61. 

To assess the impact of myositis on patients’ daily lives, the OMERACT Myositis 

SIG conducted semi-structured focus group interviews of DM and PM patients from 

three countries. The following five themes emerged as essential elements to capture in a 

future myositis-specific PROM—symptoms, activity/participation, strategies, knowledge 

of disease, and self-management and emotional factors61. From these focus group 

meetings, the top five rated domains included muscle symptoms, fatigue, interaction with 

healthcare and authorities, medication side effects, and pain.  

Until the work of OMERACT has concluded, the recommendations from the 

European Neuro-Muscular Centre (ENMC) workshop on myositis outcome measures 

could be utilized12, with consideration to include the SF-36 and/or Myositis Activities 

Profile as a PROM for adult DM/PM and the CHQ-PF50, which has been validated by 

PRINTO, for JDM53. For IBM, the disease-specific Sporadic Inclusion Body Myositis 

Physical Functioning Assessment63,64, which was developed with patient involvement, 

and the Inclusion Body Myositis Functional Rating Scale (IBMFRS)35,65, which was 

derived from the amyotrophic lateral sclerosis functional rating scale, are being used as 

endpoints in therapeutic trials66. Further work is needed to develop PROMs for IBM.  

Other measures 
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Although individual CSM and combinations of them have been well validated as 

composite response criteria for clinical trials and studies in adult and juvenile DM and 

PM and are most frequently used as outcome measures in therapeutic trials, the CSM 

do not singularly assess certain aspects of disease that may be important in subgroups 

of patients. Additional clinical measures to assess skin disease activity and damage for 

patients with DM and JDM and pulmonary disease for patients with interstitial lung 

disease (ILD) have been developed and partially validated for DM, JDM, and PM3,12. 

Consensus has been obtained by the ENMC outcome assessment working group to 

include the Cutaneous Dermatomyositis Disease Area and Severity Index to assess skin 

activity and damage across multiple body regions in DM. In DM/PM patients with ILD, 

consensus was reached to include the Myositis Disease Activity Assessment Tool, as 

well as the OMERACT consensus measures for connective tissue-associated ILD, 

including pulmonary function testing (forced vial capacity and diffusion capacity of lung 

for carbon monoxide), supplemental oxygen requirement, dyspnea scale ratings, and 

6MWDT12 as measures to evaluate this disease complication67. Progression-free survival 

or time to progression of ILD is recommended for consideration as a composite endpoint 

for clinical trials of connective tissue–associated ILD, with ≥10% decline in forced vial 

capacity associated with mortality in IIM12,67. The Swallowing Quality of Life 

questionnaire has been used to assess dysphagia in patients with IBM68. 

 

Disease state criteria 

Disease state criteria are important as another type of measure of clinical response14 

(Table 5). With the advent of new therapies and treatment strategies for JDM69, inactive 

disease has become a realistic therapeutic target for patients with JDM70,71. Using a 
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data-driven approach from a large prospective JDM cohort, the PRINTO group 

developed criteria for clinically inactive disease (on or off therapy), which include three of 

the four CSMs returning to normal or near-normal values, including creatine kinase (CK), 

CMAS, MMT, and PGA72 (Table 5). Because residual rashes and nailfold capillary 

changes frequently remain after the muscle criteria of this definition are met, requiring 

the PGA to return to normal improves the positive predictive value of the criteria for 

inactive disease73. Criteria for inactive disease are not yet available for adult DM, PM, or 

IBM.  

Clinically inactive disease is defined as a point in time with clinically and 

biologically quiescent disease, either on or off therapy. By using consensus 

methodology, IMACS has defined criteria for complete clinical response for DM, PM, 

JDM, and IBM as a ≥6-month continuous period with no evidence of disease activity 

while still receiving myositis therapy, compared to significant disease activity in the past, 

whereas clinical remission is defined as a ≥6-month continuous period of inactive 

disease while not receiving any myositis therapy74. These criteria are preliminary and 

proposed for JDM, adult DM, PM, and IBM, and have yet to be validated. The time to 

achieve clinical remission, as defined by ≥6 continuous months of clinically inactive 

disease (on or off therapy) has been reported as a secondary endpoint in a JDM 

therapeutic trial, but has not been validated as an endpoint7.  

IMACS has also defined, via consensus, preliminary criteria for flare or 

worsening, and PRINTO has defined flare criteria for JDM in the context of an endpoint 

in the new-onset JDM trial7,74 (Table 5). Not only can these criteria be used as an 

outcome in therapeutic trials, but they can also be used to determine whether a patient is 

not responding to an experimental therapy and needs to be withdrawn from a trial. The 

PRINTO trial used the time to prednisone discontinuation as an additional secondary 
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long-term outcome in order to account for the fact that corticosteroids are still the 

mainstay of treatment for JDM, despite their known adverse effects on growth and 

development7.  

 
Imaging 

Imaging modalities may be useful in myositis outcome assessment as ancillary 

measures to the validated CSMs and response criteria by providing measures that are 

potentially more objective and by discriminating active disease from muscle damage. 

Magnetic resonance imaging (MRI) is the preferred muscle imaging modality. It can be 

used as a noninvasive tool to sensitively monitor disease activity and muscle damage in 

many muscle groups simultaneously without exposing the patient to ionizing 

radiation75,76. The ability of MRI to differentiate between acute and chronic muscle 

pathology makes it particularly useful. However, there is still no standardised and 

universally accepted MRI protocol or quantitative or qualitative scoring of MRI 

assessment in IIMs. In routine care, T2-weighted sequences with fat suppression, such 

as the short tau inversion recovery (STIR) sequence, are used to detect water 

deposition/muscle oedema as part of muscle inflammation, regeneration, and necrosis, 

whereas T1-weighted sequences are usually used to detect muscle atrophy and 

intramuscular fat accumulation or fibrosis as part of chronic changes77. MRI has also 

been used to clarify whether a patient is flaring and requires additional treatment or 

whether the muscle inflammation has resolved, supporting reduction in therapy78. 

Semi-quantitative and quantitative assessments by MRI have potential as 

outcome measures in IIM. Semi-quantitative MRI scoring systems use ordinal scales of 

varying range to assess fatty infiltration of muscle and muscle oedema, and less 

frequently muscle atrophy, as well as perifascicular, subcutaneous, soft-tissue, and 
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fascial oedema, but those scoring systems have not been standardised79. In studies 

using semi-quantitative scoring systems, total oedema and damage scores in muscle 

and fascia correlated with MMT and functional testing in patients with anti-synthetase 

syndrome80, while muscle oedema correlated with PGA, muscle strength by MMT, and 

CK levels in PM/DM patients81, and muscle fatty infiltration correlated with strength and 

function in IBM patients82. A review of MRI semi-quantitative and quantitative scoring 

methods used to evaluate muscle involvement in patients with IIM was recently 

published79. 

Quantitative MRI scoring systems use continuous scales of MRI parameters that 

reflect muscle composition and/or haemodynamic properties. The most frequently used 

quantitative muscle imaging methods are fat fraction (which quantifies tissue fat content 

on a 0–100% fat-fraction scale), transverse relaxation time (T2), and magnetisation 

transfer ratio. T2 and magnetisation transfer ratio are sensitive to changes in a muscle’s 

water distribution and lipid content. In a recent prospective quantitative MRI study in 

patients with IBM, fat fraction of whole calf and thigh muscles (measured using MRI 

Dixon fat water imaging) increased significantly after 1 year (Figure 1) and correlated 

with the lower limb components of the IBMFRS83. That study demonstrated the validity 

and responsiveness of MRI outcome measures, particularly fat fraction, in IBM, 

suggesting that MRI biomarkers might prove valuable in therapeutic trials, with the 

potential to decrease sample size if used as the primary endpoint in early-phase clinical 

trials83. Another study of MRI quantitation in DM, PM, and JDM showed good construct 

validity of semi-quantitative STIR and T1 scores, as well as quantitative maps of T2, fat-

corrected T2, and fat fraction of thigh muscles, with clinical disease activity and damage 

measures. The MRI scores were responsive to change in a subgroup of patients from 

the Rituximab in Myositis trial, but changes in these MRI measures did not agree well 



22 
 

with the clinical response criteria, perhaps because the MRI quantitates only changes in 

muscle oedema84. 

Whole-body MRI is currently used at some centres and can provide a 

comprehensive picture of the distribution patterns of affected muscles and reveal 

clinically unsuspected involvement of distal or axial muscle groups, thereby offering 

advantages over regional imaging85. It can also detect associated cardiopulmonary 

disease, avascular necrosis, and malignancies86. However, it is still not widely available 

and is prone to fat-suppression artifacts. Other emerging, but still exploratory, imaging 

modalities include functional MRI, MR spectroscopy, as well as MR or ultrasound 

elastography, which are being evaluated in some subtypes of myositis75,76. Real-time 

MRI has shown potential for evaluating dysphagia in IBM68. Finally, total and 

appendicular lean body mass measured by dual-energy X-ray absorptiometry have been 

used as outcome measures in IBM clinical trials47,66. 

Biomarkers 

Traditional biomarkers of IIM disease activity have included serum levels of CK and 

other muscle-related enzymes, and these are part of the CSMs. However, their 

relationship to disease activity is variable, especially in DM, IBM, and JDM, resulting in a 

great need for the development of more specific and sensitive biomarkers. Presently, we 

understand that innate and adaptive immunity, as well as non-immune muscle-related 

mechanisms, are involved in IIM pathogenesis87,88. Genes and proteins related to 

immune activation are some of the many targets for new biomarkers in the IIMs. 

However, such studies often examine only a single biomarker of disease and have not 

been validated in longitudinal or multi-site studies and hence require confirmation. 

Immune activation results in cytokines, chemokines, and other proteins being secreted 

into serum or plasma when the disease is active (Table 6). These potential biomarkers 
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were first proposed when gene expression and protein assays were developed, and they 

demonstrate how complex and matrixed the immune system is in the IIMs.  

Cytokines, particularly interleukin-6 (IL-6), are dysregulated in the IIMs. Studies 

identified IL-6 expression in both immune and muscle cells in muscle tissue88-92. Serum 

IL-6 levels are significantly elevated in DM and JDM, and they correlate with disease 

activity at diagnosis, with ongoing disease changes after varying treatments, and with 

the presence of ILD.  

T-cell biomarkers include those related to Th17 cells, such as IL-17 and IL-23, 

which are seen in muscle and serum of DM and JDM patients early in the disease 

course and correlate with active disease88-91,93 (Table 6). Some are elevated in 

subgroups of patients, such as the cytokine B cell–activating factor, which is 

dysregulated in both serum and RNA in patients with DM, PM, and JDM, especially 

those with ILD, anti-Jo-1 autoantibodies, and active disease91,94,95.  

Type I interferon (IFN)-related cytokines and chemokines are upregulated in the 

muscle and blood of patients with DM and JDM who have active disease88-92,96-100. In the 

IIMs, type I IFN–regulated proteins are some of the most studied biomarkers related to 

disease activity and outcome. Specifically, CXCL10 (IP-10), CXCL11 (I-TAC), MCP-1, 

and IL-6 are strongly expressed in muscle, skin, peripheral blood, and CXCL10 in blood 

vessel endothelial cells, and correlate with measures of IIM disease activity, including 

cutaneous disease101-104.  

Other proposed biomarkers that derive from myeloid cells, adipokines, and innate 

immune receptors are elevated in active JDM and DM90,96,105-111. A macrophage and 

endothelial cell cytokine, IL-8, correlates with changes in global and muscle scores in 

adult patients with ILD (including those with anti-MDA5 autoantibody-associated 

ILD)90,92,96,106. Galectin-9, a novel disease marker recently described in JDM, correlates 

strongly with other markers, such as tumor necrosis factor receptor-2 and CXCL10, as 
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well as with measures of disease activity and the need for ongoing treatment108. Krebs 

von den Lungen-6 is expressed in the lung and is elevated in serum of patients with DM-

related ILD110, and serum ferritin is also elevated in DM/PM patients with ILD and is a 

predictor of survival112. Immune-mediated necrotizing myopathy, a recently recognized 

subgroup of IIM, has a strong Th1 cell response in the muscle tissue, which may inform 

the identification of future biomarkers and aid in diagnostic decisions113.  

Myositis-specific autoantibodies (MSAs) are increasingly recognized in all forms 

of IIM. Specific autoantibodies suggest IIM subtype as well as the development of 

distinct clinical features and outcomes114,115 (cross reference Review on Myositis 

Autoantibodies in this focus issue) (Table 6). MSA titres have been shown to be 

associated with disease activity, and serum levels decrease after therapy in many 

cases116-118.  Similarly, decreases in anti-MDA5 autoantibody levels have been 

associated with longer remission, and increased levels have been associated with 

relapses119,120. Higher MSA titres have also been associated with poorer outcomes, as in 

the association of high titres of anti-MDA5 autoantibodies with rapidly progressive ILD121. 

Many of these biomarkers have been studied in clinical trials, including in the 

Rituximab in Myositis trial6, where correlations were found between improvement in the 

IFN-chemokine score and improvement in global and specific measures of disease 

activity, as well among certain MSAs90,99. MSA titres also declined after rituximab 

therapy and correlated with changes in disease activity measures116. Specifically, the 

serum levels of anti-Jo-1, TIF-1 gamma, and Mi-2 decreased after rituximab and showed 

moderate to strong correlation with most disease activity measures. Suppression 

Reduction in the IFN gene score in blood and muscle correlated with clinical 

improvement in muscle strength in a trial of an anti-IFNα monoclonal antibody, as well as 

in the rituximab trial122,123.  
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On occasion, serial muscle biopsies have been used to assess treatment effects 

in the IIM, particularly to examine specific biomarkers9,10,122,123. A score tool for assessing 

the histological severity of involved muscle has been validated in JDM but not in other 

IIM124. However, the utility of outcome assessment with histological biomarkers is limited 

by the invasiveness of the biopsy procedure and lack of validation of a score tool beyond 

JDM. 

 

 
Conclusions 

The development and dissemination of many validated outcome assessment measures 

for myositis activity and damage has brought standardisation to the field, which has 

aided in our understanding of long-term outcomes of these diseases and in developing 

and evaluating new therapies. The new myositis response criteria for DM, PM, and JDM 

should provide a more robust and sensitive composite endpoint to detect clinical 

responses of different magnitudes. Additional measures of muscle strength and function, 

as well as the assessment of other target organs and HRQoL, require further 

development and validation but show promise in bringing forward new tools with good 

content and construct validity. Such measures may also be used as endpoints in trials, 

including potentially as part of future composite response criteria, in studies of specific 

organ manifestations (such as skin or pulmonary disease), or for a particular subgroup of 

patients. Imaging and biomarkers are objective measures that can discriminate disease 

activity from damage, but they need to be standardised and further evaluated for the 

effects of therapies and sensitivity to change. We envision use of the core set measures 

and the response criteria as central to outcome assessment in all myositis therapeutic 

trials, which will facilitate international use, standardisation of endpoints, and 

comparisons between studies, therapies, and patient subgroups, and may be applied in 
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the clinic to guide therapeutic decisions. Further development of additional measures 

may result in a targeted assessment of specific disease features to augment the core set 

measures. We envision future development of additional measures and indices that may 

be more sensitive and objective, as well as the gathering of real-time, real-life data from 

patients through smart-phone applications and actigraphy that may augment our current 

targeted clinical assessments. Finally, the various outcome measures are often 

presented as competing, but they should be considered as complementary. 
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Table 1. Core set measures for disease activity and damage assessment for clinical studies and therapeutic trials in adult and juvenile idiopathic inflammatory 
myopathies 

 

Domain Core set measure  IMACS core set measures for 
adult and juvenile DM, PM, 

IBM* 

PRINTO core set measures 
for JDM 

Disease Activity    

Physician global activity Physician global disease activity assessment by Likert or  
visual analog scale 

 X† X† 

 
Patient/parent global activity 

 
Patient/parent global disease activity assessment by Likert or 
visual analog scale 
 

 
 X† 

 
X† 

 
Muscle strength 

 
1. MMT by 0–10 point or expanded 0–5-point scale to include 
proximal, distal, and axial muscles 
 

 
 X† 

 
X 

 2. CMAS 
 

X (preferred)† 

 
Physical function 

 
1. Validated patient/parent questionnaire of activities of daily 
living (HAQ/CHAQ) 
2. CMAS 

 
 X† 
X 

 
X† 

 
Laboratory 
assessment 

At least two serum muscle-associated enzyme activities from 
the following: creatine kinase, aldolase, lactate dehydrogenase, 
aspartate aminotransferase, or alanine aminotransferase  

 X†  

 
Global disease activity, including 
extra-muscular disease activity 

Myositis Disease Activity Assessment Tool to assess 
extramuscular organs, including constitutional, cutaneous, 
skeletal, gastrointestinal, pulmonary, and cardiac activity  
 
DAS 

 X† 
 
 
 

X 
 
 
 

X (preferred) † 
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Health-related quality of life 
 

CHQ-PF50 Physical Summary Score  
 

X† 

Disease Damage 
 

   

Physician global damage Physician global disease activity assessment by Likert or  
visual analog scale 

 X X 

Global damage tool Myositis Damage Index  X X 

Physical function Validated patient/parent questionnaire of activities of daily 
living (HAQ/CHAQ) 

 X X 

Muscle strength 
 
Growth and development 

CMAS 
 
Height and weight, menses, Tanner puberty stage 

 
 X 

X 
 

X 
 

Health-Related Quality of Life SF-36 (adult) 
 
CHQ-PF50 Physical Summary Score (PhS) 

 X 
  

X 

 
 

X 

 

Modified from 1,4,125 

See http://www.niehs.nih.gov/research/resources/imacs/diseaseactivity/index.cfm for copies of the tools, glossaries, training materials, and additional references. 

Abbreviations: CHAQ/HAQ, (Childhood) Health Assessment Questionnaire; CHQ-PF50, Child Health Questionnaire–Parent Form 50; CMAS, Childhood Myositis 

Assessment Scale; DAS, Disease Activity Score; DM, dermatomyositis; IBM, inclusion body myositis; IMACS, International Myositis Assessment and Clinical Studies 

Group; JDM, juvenile dermatomyositis; MMT, manual muscle test; PM, polymyositis; PRINTO, Pediatric Rheumatology International Trials Organization. 

*IMACS criteria are recommended for adult and juvenile dermatomyositis, polymyositis, and inclusion body myositis, whereas PRINTO core set measures are 

recommended for juvenile dermatomyositis. 

http://www.niehs.nih.gov/research/resources/imacs/diseaseactivity/index.cfm
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†Included in the final core set activity measures used to develop the 2016 American College of Rheumatology/European Leagues Against Rheumatism criteria for 

minimal, moderate, and major improvement in adult dermatomyositis and polymyositis and juvenile dermatomyositis22,23. 
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Table 2. 2016 American College of Rheumatology/European Leagues Against Rheumatism criteria for minimal, 
moderate, and major improvement in adult dermatomyositis and polymyositis and juvenile dermatomyositis 
 

Core Set Measure* 
Level of Improvement 

Based on absolute 
percentage change 

Improvement 
Score 

Physician Global Activity 

Worsening to 5% 
improvement 0 

>5% to 15% improvement 7.5 

>15% to 25% improvement 15 

>25% to 40% improvement 17.5 

>40% improvement 20 

Patient or Parent Global 
Activity 

Worsening to 5% 
improvement 0 

>5% to 15% improvement 2.5 

>15% to 25% improvement 5 

>25% to 40% improvement 7.5 

>40% improvement 10 

Manual Muscle Testing or 
Childhood Myositis 
Assessment Scale  

Worsening to 2% 
improvement 0 

>2% to 10% improvement 10 

>10% to 20% improvement 20 

>20% to 30% improvement 27.5 

>30% improvement 32.5 

Health Assessment 
Questionnaire or Childhood 

Health Assessment 
Questionnaire  

Worsening to 5% 
improvement 0 

>5% to 15% improvement 5 

>15% to 25% improvement 7.5 

>25% to 40% improvement 7.5 

>40% improvement 10 
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 Worsening to 5% 
improvement 0 

 >5% to 15% improvement 2.5 
Enzyme (most abnormal) or 

CHQ-PhS >15% to 25% improvement 5 
 >25% to 40% improvement 7.5 
 >40% improvement 7.5 

Extramuscular activity or 
Disease Activity Score  

Worsening to 5% 
improvement 0 

>5% to 15% improvement 7.5 

>15% to 25% improvement 12.5 

>25% to 40% improvement 15 

>40% improvement 20 

 Improvement category 
Total 

improvement 
score† 

DM/PM thresholds 

Minimal ≥ 20 

Moderate ≥ 40 

Major ≥ 60 

 Minimal ≥ 30 

JDM thresholds Moderate ≥ 45 

 Major ≥ 70 

Abbreviations: CHQ-PhS, Physical Summary Score of the Child Health Questionnaire-Parent Form 50; DM, dermatomyositis; Enzyme, most 

abnormal serum muscle enzyme level among creatine kinase, aldolase, alanine aminotransferase, aspartate aminotransferase, and lactate 

dehydrogenase; JDM, juvenile dermatomyositis; PM, polymyositis.  

*Note that either all the IMACS or all the PRINTO core set measures may be used. 

†The total improvement score is the sum of all six improvement scores associated with the change in each core set measure.  
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Modified from 22-25. 
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Box 1. Advantages and limitations of the 2016 ACR-EULAR response criteria for dermatomyositis, polymyositis, and juvenile dermatomyositis 

Advantages Limitations 

 Weighted measures: CSMs are scored according to their 
relative weight of importance in defining disease activity 

 Continuous measure: provides a Total Improvement Score 
with continuous degree of improvement 

 Some CSMs upon which the criteria are based are subjective 
and evaluator dependent 

 Provides categorical outcomes: minimal, moderate, and 
major clinical response 

 Hybrid criteria: same criteria can be used either as continuous 
or categorical outcome 

 Validation of the final criteria and thresholds for 
improvement were based on limited data 

 Does not require minimal severity level in a myositis clinical 
trial at baseline in any CSM: all levels of improvement in 
CSMs contribute to the response 

 The threshold for major response for adult DM/PM is 
preliminary: further data are needed to confirm it 

 Changes based on absolute percentage change rather than 
relative percentage change in CSMs, which may be more 
realistic and have better face validity 

 Fail to differentiate between no change and worsening 

 Cannot be used for disease flare or relapse 

 Does not define remission 

 Same definition of improvement can be used for JDM, adult 
DM and PM, with different thresholds of minimal, moderate, 
and major improvement, allowing for combined JDM and 
adult DM/PM therapeutic trials 

 Developed for major clinical phenotypes (DM, PM, JDM); no 
validation for other phenotypes (IMNM, anti-synthetase 
syndrome), but likely to work for these phenotypes as well 

 Difficult to use in everyday clinical practice without the use of 
a computer 

 JDM response criteria allow possibility of using either the 
IMACS or PRINTO CSMs to define improvement 

 

  
Abbreviations: CSMs, core set measures; DM, dermatomyositis; IMACS, International Myositis Assessment and Clinical Studies Group; IMNM, 

immune-mediated necrotizing myopathy JDM, juvenile dermatomyositis, PM, polymyositis. 

References: 11,22-25 
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Table 3. Strength assessment methods 

The elements depicted are common features of various methodologies for muscle strength testing that are generally encountered in clinical 

protocols. The metrological properties of the equipment vary widely, depending on the devices used and their calibration. The pictures show 

examples of each method for ankle flexion assessment. 

 

Manual muscle 

testing 

(MMT) 

 

Hand-held 

dynamometry 

(HHD) 

 

 

Fixed dynamometry 

(QMT) 

 

 

Isokinetic 

dynamometry 

 

 

Specific 

dynamometry 

 

Practicality Very high High Moderate Moderate Moderate 

Specific 

equipment and 

space required 

No Yes Yes Yes Yes 
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Equipment cost 

No cost or 

specialized 

equipment 

Mildly expensive 
Moderately 

expensive 
Very expensive Mildly expensive 

Contraction 

conditions 

Dynamic/static 

(depends on 

patient’s abilities) 

Isometric (make test) 

Pseudo-isometric  

(break test) 

Isometric 

Isometric 

Isokinetic 

Isotonic 

Isometric 

Time to administer  

(per muscle 

function) 

<1 minute <5 minutes <5 minutes 5 minutes 5 minutes 

Variable 
Ordinal score 

(grade) 

Best performance 

(kg) 

Best performance 

(kg) 

Best performance 

(Nm) 

Best performance  

(kg or Nm) 

Linearity No Yes Yes Yes Yes 

Resolution Poor Between 0.1 and 1 kg 
Between 0.1 and 1 

kg 

Between 0.5 and 1 

Nm 

Between 0.001 and 0.1 

kg 

Accuracy Limited 0.1–1% full scale 0.1–1% full scale 0.1–1% full scale 0.001– 0.1% full scale 

Adapted to weak 

patients 
No No No Possibly Yes 

Adapted to strong 

patients 
No No Yes Yes Yes 

Normative data 

exist* 
NA Yes126-128  Yes129 Yes130,131 Yes132 
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Sensitivity to 

change 

Poor in patients with 

mild weakness; 

moderate in weaker 

patients 

Moderate Moderate High High 

Intra-rater 

reliability 
Good Good to excellent Good to excellent Good to excellent Good to excellent 

Inter-rater 

reliability 
Moderate 

Moderate to 

excellent 
Good to excellent Good to excellent Good to excellent 

Sensitivity to lever 

arm 
Yes Yes Yes No Depends on the device 

Floor/ceiling 

effects 

Floor and ceiling 

effects 
Floor effect Floor effect Floor effect Limited 

Composite scores Yes 

No (except if 

expressed as % 

normal values) 

No (except if 

expressed as % 

normal values) 

No (except if 

expressed as % 

normal values) 

No (except if expressed 

as % normal values) 

Use in myositis 

IMACS core set 

measure; outcome 

measure in DM, PM, 

IBM and JDM 

therapeutic trials1,3,6-

8,10 

PM/DM133,134; JDM58; 

IBM135 
IBM35,39,136,137 

PM/DM/JDM138; 

IBM28,29,35 
IBM28,29 
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Abbreviations: DM, dermatomyositis; IBM, inclusion body myositis; IMACS, International Myositis Assessment and Clinical Studies Group; JDM, 

juvenile dermatomyositis, NA, not applicable; PM, polymyositis. 

*Normative data are given as predictive equations using age, sex, weight, and/or height. 

The references given here are examples and are not exhaustive. 
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Table 4. Observational functional or disability measures in myositis 

   
 

    
 

Measure Assessment and 
Description 

Subgroups of 

myositis 

Completion 

time (min) 

Psychometric 

properties 

Advantages Limitations References 

CMAS Muscle strength, 

function, and 

endurance in 14 

items 

JDM 15  Good reliability, 

construct validity, 

responsiveness 

Comprehensive, 

examines strength, 

endurance, and 

function 

Longer time to 

administer, 

significant ceiling 

effect 

3,4  

FI-2 Muscle 

endurance, 

assesses 

impairment of 11 

muscle groups 

PM, DM 30  Satisfactory 

construct validity 

and inter-rater 

and intra-rater 

reliability 

No ceiling or floor 

effects and no 

redundant tasks, 

measures muscle 

endurance 

Longer time to 

administer 

3,38 

2/6MWDT Muscle strength 

and endurance 

IBM 5/10  Valid and reliable 

in IBM, also used 

in muscle 

dystrophies 

Simple and has been 

standardised in 

other diseases; 

recently used to 

support regulatory 

approval of 

neuromuscular drugs 

Floor effect if 

weakness too 

severe; requires 

indoor course of 

adequate length 

39 

10 m 

walk/run 

Muscle power Populations 

with 

neurological 

conditions 

<1  Unknown in 

myositis 

Test can be done 

using normal 

comfortable speed 

Not evaluated in 

myositis; 

variation 

regarding 

40 
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or maximum speed 

trials 

guidance to 

perform this test; 

floor effect if 

weakness too 

severe 

TUG Ability to rise 

from a chair as 

well as gait 

function (may 

need adaptations 

to allow patients 

to use their arms 

to stand up) 

IBM 5  Good construct 

validity 

A valid and reliable 

tool in frail and 

elderly subjects; 

simple and quick 

Only assesses 

lower 

extremities and 

recorded time, 

not the patient’s 

movements. The 

chair used can 

impact results. 

39,41,42 

30s-CST Lower limb 

function. Patients 

are asked to rise 

from a standard-

height chair and 

to sit down as 

many times as 

possible in 30 

seconds. 

PM, DM <1  Good test-retest 

reliability 

Simple and quick Floor effect if 

weakness too 

severe; only 

assesses lower 

extremities. The 

chair used can 

impact results. 

43,44 

Short Physical 

Performance 

Battery 

Lower limb 

function by using 

tests of gait 

speed, standing 

IBM <15  Excellent test-

retest reliability 

Provides useful 

qualitative 

information on the 

Longer time to 

administer 

45,46 
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balance, and 

time to rise from 

a chair five times 

nature of mobility 

limitation 

IBM 

Weakness 

Composite 

Index 

Muscle strength 

and endurance 

IBM <15  Not tested yet IBM specific  28,29,139 

Abbreviations: 2/6MWDT, 2- and 6-minute walking distance test; 30s-CST, 30-second chair stand test; CMAS, Childhood Myositis Assessment 

Scale; DM, dermatomyositis FI-2, Functional Index-2; IBM, inclusion body myositis; TUG, timed up-and-go test.   
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Table 5. Disease state criteria endpoints for potential use in therapeutic trials and clinical studies 

Outcome measure/ endpoint Definition or description Applicable 
myositis 
subgroup(s) 

Comments References 

Clinically inactive disease  At least 3 of 4 of the following criteria: 

creatine kinase  150 U/L, CMAS score 48 of 

52, MMT-8 score  78 of 80, and Physician 

Global Activity 0.2 of 10 cm 

JDM PRINTO criteria. No definition 
exists for adult DM, PM, or IBM 

72 

Clinically inactive disease Physician Global Activity of 0.2 of 10 cm AND 
at least 2 of the 3 following criteria: creatine 

kinase  150 U/L, CMAS score 48 of 52, and 

MMT-8 score  78 of 80 

JDM Modified PRINTO criteria. No 
definition exists for adult DM, 
PM, or IBM 

73 

Complete clinical response ≥6-month continuous period with no evidence 
of disease activity while still receiving myositis 
therapy 

JDM, DM, PM, 
IBM 

Consensus definition, not data 
driven 

74 

Remission  ≥6-month continuous period with no evidence 
of disease activity while not receiving any 
myositis therapy 

JDM, DM, PM, 
IBM 

Consensus definition, not data 
driven 

74 

Clinical remission ≥6 continuous months of clinically inactive 
disease (on or off therapy) 

JDM PRINTO trial of new-onset JDM 
patients, utilized without 
validation 

7 

Disease flare or worsening 
criteria 

1) Physician-assessed global worsening by ≥2 
cm on a 10-cm VAS and worsening on MMT-8 
by ≥20%; or 2) Extramuscular organ disease 
activity worsening by ≥2 cm on 

JDM, DM, PM, 
IBM 

Consensus definition, not data 
driven 

74 
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a 10-cm VAS; or 3) Any 3 of 6 IMACS CSMs 
worsening by≥ 30% 

Disease flare ≥20% worsening in any 2 of 6 CSMs, with no 
more than one of the remaining variables 
improving by >30% (muscle strength 
excluded). 

JDM PRINTO trial of new-onset JDM 
patients, utilized without 
validation 

7 

Corticosteroid discontinuation Cessation of oral prednisone therapy JDM PRINTO trial of new-onset JDM 
patients. CARRA has proposed a 
standardized corticosteroid 
dose-reduction regimen based 
on consensus. Etanercept trial 
for adult DM also defines 
standardized steroid tapering 
regimen. 

7,8,140  

Abbreviations: CARRA, Childhood Arthritis and Rheumatology Research Alliance; CMAS, Childhood Myositis Assessment Scale; CSM, core set 

measure(s); DM, dermatomyositis; IBM, inclusion body myositis; IMACS, International Myositis Assessment and Clinical Studies Group; JDM, 

juvenile dermatomyositis; MMT-8, manual muscle testing on a subset of 8 muscles; PM, polymyositis; PRINTO, Paediatric Rheumatology 

International Trials Organisation; VAS, visual analog scale.   
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Table 6. Biomarkers related to disease activity in the idiopathic inflammatory myopathies 

Name JDM DM PM IMNM ILD References 

IL-6 ++++ ++ +  + 88-91 
T cell related markers       
Th-17 (IL-17 and IL-23) +++ ++    88-91 
Th-2 (IL-4, IL_5, IL-10)  ++ +   88,89 
Th-1 (TNF-a, IL2, IFN- γ)   + + (IFN-γ, 

TNFα, IL-12, 
and STAT1 

+ 88-91 

IL-35     ++ (DM/PM) 141 

Type I IFN 
CCL2[MCP-1], CCL3, CCL4 
[MIP1b], CCL8, CXCL9, 
CXCL10[IL-10], and CXCL11[I-
TAC]), MxA 

+++ ++ +  + (DM) 88-91,96-100 

Myeloid and other related 
markers 

      

IL-8     ++ (DM +MDA5) 90,96,106 
IL-33/sST2  ++    107 
Galectin-9 +++     108 
Adipokines ++ ++    109 
KL-6     ++ 110 
MRP8/MRP14 +     105 
BAFF ++ ++ +   91,94,95 
Eotaxin +     111,142 
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Gene regulators (GATA3, 
STAT6 and STAT4) 

+ (RORC) + (STAT3, BCL6)    93 

Myositis-specific 
autoantibodies 
(autoantibodies greater than 5% 
prevalence noted) 

++ 
(TIF1*, NXP2, 
MDA5, Mi-2*, 

PM-Scl) 

++ 
(TIF1γ*, Jo-1*, Mi-2*, 

SAE, MDA5, NXP2) 

++ 
(TIF1γ*, Jo-

1*, SRP, 
HMGCR, 

NXP2) 

++ 
SRP, HMGCR 

++ 
(Jo-1, MDA5, PL12) 

114-116,143 
 
 

Biomarkers in clinical trials IL-8, MCP-1, IL-6, 
IL-1β, IL-13, IL-

10, IL-2, and IFN-
γ 

IL-8, MCP-1, IL-6, IL-
1β, IL-13, IL-10, IL-2, 

and IFN-γ 

IL-8, MCP-1, 
IL-6, IL-1β, IL-
13, IL-10, IL-
2, and IFN-γ 

   

       

Abbreviations: BAFF, B cell–activating factor; BCL6, B-cell lymphoma 6; CCL, (C-C motif) ligand; cN1A, cytosolic 5'-nucleotidase 1A; CXCL, (C-X-C 

motif) ligand; DM, dermatomyositis; GATA3, GATA binding protein 3; HMGCR, 3-hydroxy-3-methylglutaryl-CoA reductase; IBM, inclusion body 

myositis; IFN, interferon; ILD, interstitial lung disease; IMNM, immune-mediated necrotizing myopathy; IL, interleukin; I-TAC, interferon-

inducible T-cell alpha chemoattractant; Jo-1, histidyl tRNA synthetase; KL-6, Krebs von den Lungen-6; MCP, monocyte chemoattractant protein; 

MDA5, melanoma differentiation-associated protein 5; MIP, macrophage inflammatory protein; MRP, myeloid-related protein; MxA, myxoma 

resistance protein; NXP2, nuclear matrix protein 2; PM, polymyositis; PM-Scl, polymyositis and scleroderma; RORC, RAR-related orphan receptor 

C; SAE, small ubiquitin like modifier activating enzyme heterodimer; SRP, signal recognition protein; STAT1, Signal transducer and activator of 

transcription 1; TIF1-γ, transcriptional intermediary factor 1 gamma; TNF, tumor necrosis factor.  

 

(+) Represents level of evidence with 1-2 references (++), represents level of evidence with 2-5 reference; (+++) represents level of evidence with 

greater than 5 references; those left blank have little if any evidence.  

* changes with disease activity  
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Supplementary Table 1. Performance characteristics of existing patient-reported outcomes used in studies of the idiopathic inflammatory 

myopathies, according to the OMERACT Filter 1.0 

    OMERACT Filter 1.0 

    Truth Discrimination Feasibility 

Domain Outcome 
measure 

IIM 
subgroup 

Description of 
content 

Validity Reliability Ability to detect 
change 

Respondent 
burden 

Administrative 
burden 

 

 

 

 

Physical 
function 

HAQ-DI 

 

DM, PM 8 ADL domains Fair construct validity  N/A N/A Low, 
20 items  

Low, 
available 
online, many 
validated 
language 
translations 

 

CHAQ 

 

JDM 8 ADL domains High construct validity in 
JDM  

Moderate test-retest 
reliability, internal 
consistency only 
available for JDM  

High responsiveness 

 

Low, 
20 items 

10 min to 
compile 

Low, available 
online, many 
validated 
language 
translations 

10 min to 
compile, 
available online 
for free 
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HAP 

 

DM, PM 94 activity 
assessment 
items that 
exhibit 
variable low- 
to high-energy 
requirements 

High (no data on content 
validity) 

Low correlation to VO2-
max in PM 

N/A N/A N/A 

94 listed 
activities 

N/A 

 

MAP 

 

DM, PM 4 subscales 
and 4 single 
items 

Moderate content validity 

Correlates highly to HAQ, 
moderately to FI-2 
(muscle function), low or 
no correlation to VAS 
impact on well-being, CPK 
levels.   

Moderate test-retest 
reliability, moderate 
to strong internal 
consistency   

 

Poor responsiveness 
in one short-term 
exercise study  

 

Low 

32 items 
(English)  

 31 items 
(Swedish) 

 

Low,  
5 minutes to 
complete 

 

MACTAR 
semi-
structured 
interview 

 

DM, PM 9 items at 
baseline and 9 
items at follow 
up assessing 
limited 
activities 
named by 
patient 

 

High construct validity  N/A N/A High 

 

High, 
administered 
only by 
interviewer, 15 
min to 
complete, 
complicated 
scoring 

 

NSS  

 

IBM 14 items 
scored from 0 
(severe 
disability) to 3 
(no disability); 
range 0 to 42. 

N/A N/A High responsiveness 
(validated in 1 study)  

N/A 

20 items 

N/A 
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ALSFRS  

 

IBM 14 subscale 
functional 
items 

 

N/A N/A Limited data on 
responsiveness 

N/A 

11 items 

N/A 

 

IBMFRS 

 

IBM 10 ADL 
domains, 
scored from 0 
(severe 
disability) to 4 
(normal); 
range 0–40. 

Moderate construct 
validity 

N/A Very responsive in 1 
therapeutic trial 

 

Low 

10 items 

 

Low; 
administered 
by interviewer  

 

sIFA IBM 11 items 
scored on a 0 
(no difficulty) 
to 10 (unable 
to do) 
numerical 
rating scale; 
range 0–110. 

 

Good construct validity, 

Disease-specific PROM 
developed with patient 
involvement 

Satisfactory Satisfactory Low 

11 items 

Low; completed 
by the patient 

 

CHQ-PF50 

 

JDM 50 items 
completed by 
a parent-
proxy. Overall 
well-being is 
measured, 12 
individual 
health 
concepts are 
assessed by 

Good content validity, 
limited but good 
construct validity 

N/A Physical score 
moderately 
responsive 

Moderate 
 

50 items, 10-15 
min 

High 

Complicated; 
computer 
scoring with 
proprietary 
algorithm 
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subscale 
scores 

 

 

NHP 

 

DM, PM Part I: 38 
questions in 6 
subareas, Part 
II: 7 life areas 
affected 

 

N/A N/A N/A High 

38 items; 
approx 12 min  

Low, with 
software 
administration 
during a 
personal 
interview or 
self-
administration  

 

PedsQL 

 

JDM 15-item core 
global 
measure and 8 
supplemental 
specific 
symptom/ 
treatment 
domains  

 

N/A N/A Fatigue scale has 
high responsiveness 
in JDM  

Low 

 
Self-
administration 

N/A 

 

INQoL  

 

IBM 45 questions 
with 7-point 
Likert scale 
within 10 
sections 
assessing 
symptoms, life 
impact, and 
treatment 
expectation 
and effects 

High content and 
construct validity 

 

High test-retest 
reliability 

Low responsiveness 

 

N/A 

 

N/A 
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Skin QoL Skindex-29 
and Skindex-
16 

DM 29 and 16 
items 
respectively; 
measures 
cognitive and 
social effects, 
emotions, 
physical 
discomfort/ 
limitations 
 

Moderate construct 
validity in DM; content 
validity available for non-
DM skin disease only in 
adults 

Excellent internal 
consistency and test-
test reliability 

N/A Low 

5 min 

High 

Computer 
scoring, linear 
conversion to 
100 necessary 

 

DQLI DM 10 questions; 
skin symptoms 
and feelings, 
ADLs, personal 
relationships, 
and treatment 
side effects  

Moderate/low construct 
validity 

N/A N/A Low 

2 min  

Low 

Scoring 
complete in <1 
min 

PGA  VAS 10-cm 
scale 

 

DM, PM, 
JDM 

 Good construct validity in 
JDM 

Excellent inter-rater 
reliability and 
internal consistency 

Excellent 
responsiveness ≥20% 
improvement is 
consensus of 
clinically meaningful 
change  

Low, 
self-
administration 
during 
interview, < 1 
min 

Low 

< 1 min 

Pain VAS 10-cm 
scale (visual 
and numeric 
scales) 

  N/A N/A Low responsiveness  Low, 
easy to use, 
minimal time 
commitment 

Low, 
minimal time 
commitment 

 

Short-form 
McGill Pain 
Question-
naire 

 

 15-item 
checklist 
assessing the 
sensory and 
affective 

N/A N/A High responsiveness N/A 

16 items 

N/A 
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dimensions of 
pain 

Fatigue Chalder 
Fatigue 
Score 

 

 11 items N/A N/A High responsiveness N/A N/A 

 

MAF  16-item scale 
that measures 
fatigue in 4 
dimensions: 
severity, 
distress, 
timing, and 
impact on 
ADLs 

 

N/A N/A Low responsiveness 16 items N/A 

 

POMS-F 

 

 6 items 
utilizing 5-
point Likert 
scale  

N/A N/A Low responsiveness 7 items N/A 

Abbreviations: ADL, activities of daily living; ALSFRS, Amyotrophic Lateral Sclerosis Functional Rating Scale; CHAQ, Child Health Assessment 

Questionnaire; CHQ-PF50, Child Health Questionnaire-Parent Form 50; CPK, creatine phosphokinase; DM, dermatomyositis; DQLI, Dermatology 

Quality of Life Index; FI-2, Functional Index-2; HAP, Human Activity Profile; HAQ-DI, Health Assessment Questionnaire Disability Index; HRQoL, 

health-related quality of life; IBM, inclusion body myositis; IBMFRS, IBM Functional Rating Scale; IIM, idiopathic inflammatory myopathy; INQoL, 

Individual Neuromuscular Quality of Life Questionnaire; JDM, juvenile dermatoymyositis; MAF, Multidimensional Assessment of Fatigue; 

MAP,Myositis Activities Profile; MACTAR, MacMaster Toronto Arthritis Patients Preference Questionnaire; N/A, not available; NHP, Nottingham 

Health Profile; NSS, Neuromuscular Symptom and Disability Functional Score; OMERACT, Outcome Measures in Rheumatology; PedsQL, 

Pediatric Quality of Life Inventory; PGA, Patient or Parent Global Activity scale ; PM, polymyositis; POMS-F, Profile of Mood States-Fatigue scale; 

PROM, patient-reported outcome measure; SF-36, Short Form 36 health survey questionnaire; Skin QoL, skin quality of life questionnaire; VAS, 

visual analogue scale; VO2, maximum rate of oxygen consumption during incremental exercise. 
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Adapted from 3,60  
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Figure 1. Fat-fraction T1 magnetic resonance imaging (MRI) map in inclusion body myositis. Fat-

fraction T1 MRI map of the right thigh in a patient with inclusion body myositis, at baseline and 

one-year follow-up. An absolute percentage increase of 6.2% in fat fraction was observed. 
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