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Abstract
Objectives: The 2016 ACR-EULAR Response Criteria for JDM was developed as a composite measure with differential weights of six core set
measures (CSMs) to calculate a Total Improvement Score (TIS). We assessed the contribution of each CSM, representation of muscle-related
and patient-reported CSMs towards improvement, and frequency of CSM worsening across myositis response criteria (MRC) categories in vali-
dation of MRC.

Methods: Data from JDM patients in the Rituximab in Myositis trial (n¼48), PRINTO JDM trial (n¼139), and consensus patient profiles
(n¼273) were included. Observed vs expected CSM contributions were compared using Sign test. Characteristics of MRC categories were
compared by Wilcoxon tests with Bonferroni adjustment. Spearman correlation of changes in TIS and individual CSMs were examined.
Agreement between physician-assessed change and MRC categories was evaluated by weighted Cohen’s kappa.

Results: Of 457 JDM patients with IMACS CSMs and 380 with PRINTO CSMs, 9–13% had minimal, 19–23% had moderate and 41–50% had
major improvement. The number of improved and absolute percentage change of CSMs increased by MRC improvement level. Patients with
minimal improvement by MRC had a median of 0–1 CSM worsened, and those with moderate/major improvement had a median of zero worsen-
ing CSMs. Of patients improved by MRC, 94–95% had improvement in muscle strength and 93–95% had improvement in �1 patient-reported
CSM. IMACS and PRINTO CSMs performed similarly. Physician-rated change and MRC improvement categories had moderate-to-substantial
agreement (Kappa 0.5–0.7).

Conclusion: The ACR-EULAR MRC perform consistently across multiple studies, supporting its further use as an efficacy end point in JDM
trials.
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Introduction

Juvenile dermatomyositis (JDM), a systemic autoimmune dis-
ease, is the most common acquired idiopathic inflammatory my-
opathy of childhood and is characterized by weakness, skin
rashes and other features, including arthritis and dysphagia [1,
2]. The International Myositis Assessment and Clinical Studies
Group (IMACS) and Paediatric Rheumatology International
Trials Organization (PRINTO) developed and validated core set
activity measures (CSMs), which led to standardized outcome
assessment [3–6]. Three core set measures are shared between
IMACS and PRINTO, including Physician Global Disease
Activity, Parent Global Disease Activity and Childhood Health
Assessment Questionnaire (CHAQ), while three core set meas-
ures are unique to each [IMACS: Manual Muscle Testing
(MMT), Extramuscular Activity, muscle enzyme; PRINTO:
Childhood Myositis Assessment Scale (CMAS), DAS,
Childhood Health Questionnaire Parent Form 50-Physical
Summary Score (CHQ-PF50 PhS)].

The 2016 ACR-EULAR Criteria for Minimal, Moderate,
and Major Clinical Response in JDM, known as the Myositis
Response Criteria (MRC) were developed to better assess re-
sponse to therapy and calculate a Total Improvement Score
(TIS), with thresholds for minimal, moderate and major
improvement. The Total Improvement Score is a composite
measure to reflect clinically meaningful change from six dif-
ferentially weighted core set measures based on their relative
importance to overall improvement [3, 7]. MMT (IMACS)
and CMAS (PRINTO) assessing strength are most heavily
weighted (up to 32.5/100 points), and muscle enzyme (up to
7.5/100 points) has the least relative importance in the Total
Improvement Score. The Myositis Response Criteria was sys-
tematically developed by experts through rating real patient
profiles, a conjoint analysis survey determining each core set
measure relative weight with Potentially All Pairwise
RanKings of all possible Alternatives (PAPRIKA) methodol-
ogy, validation of candidate criteria in several studies, and
nominal group technique to achieve consensus [3]. With both
a continuous measure and change categories, also with initial
performance characteristics established through an available
web calculator, the Myositis Response Criteria has been used
to evaluate clinically important change in response to JDM
therapies [8, 9].

However, further validation of the Myositis Response
Criteria is needed. The contribution of each core set measure
to the Total Improvement Score and Myositis Response
Criteria improvement categories and comparison of Myositis
Response Criteria categories to physician-assessed meaningful
change need to be assessed. It is unclear whether patients can

achieve Myositis Response Criteria response without im-
provement in muscle strength, a concern of regulatory agen-
cies. The representation of patient-reported outcome core set
measures (PROM) in the Myositis Response Criteria is un-
known. Comparison of the performance of the IMACS and
PRINTO core set measures [3, 4] in the Myositis Response
Criteria has not been assessed. Also, the Definition of
Improvement, an earlier, preliminary response criteria, had
specifically limited worsening of core set measures [10]; thus,
it is important to assess worsening of core set measure among
those who meet improvement criteria by the Myositis
Response Criteria.

The objectives of this study were to further evaluate the
performance of the Myositis Response Criteria in JDM trials
and natural history patient profiles. We assessed the contribu-
tion of each core set measure and determined the frequency of
muscle-related core-set measure and patient-reported core-set
measure improvement in the Total Improvement Score, com-
pared the performance of IMACS and PRINTO core set mea-
sure in the Myositis Response Criteria, characterized core set
measure worsening across Myositis Response Criteria catego-
ries, and examined agreement between physician-assessed
change and Myositis Response Criteria categories.

Methods
Patients

To assess the 2016 ACR-EULAR Myositis Response Criteria
for JDM [7], paediatric data from the Rituximab in Myositis
trial (Rituximab trial) (n¼ 48, NCT00106184) [11],
PRINTO JDM treatment trial (n¼ 139, NCT00323960) [12]
and consensus JDM profiles from natural history studies
(n¼273, NCT00341679) [3, 5] were evaluated. Patients had
moderate disease activity and required additional immuno-
suppressive medication in the Rituximab trial and in the ma-
jority of patient profiles. The PRINTO JDM trial enrolled
newly diagnosed, primarily untreated patients [3, 5, 11, 12].
The studies comply with the Declaration of Helsinki. The lo-
cally appointed ethics committees have approved the research
protocols for these studies [3, 5, 11, 12] and the present study
was approved under a myositis natural history protocol (94-
E-0165) by the National Institutes of Health institutional re-
view board. Written informed consent has been obtained
from the subjects (or their legally authorized representative).

Statistical analyses

We described the Total Improvement Score, number of im-
proving and worsening core set measures, and absolute per-
centage change of each core set measure by Myositis
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Response Criteria category. A core set measure was consid-
ered improved or worsened if the absolute percentage change
was j>5%j, except for MMT or CMAS, which were consid-
ered improved or worsened with j>2%j absolute percentage
change, per Myositis Response Criteria definitions [3, 7]. The
Wilcoxon test with Bonferroni adjustment was performed for
comparison among Myositis Response Criteria categories.
The expected contribution of each core set measure to Total
Improvement Score was calculated as the maximum contribu-
tion of each core set measure to the maximum possible Total
Improvement Score (100 points), based on core set measure
weights from the Myositis Response Criteria [3, 7]. The ob-
served vs expected percent contribution of each core set mea-
sure to Total Improvement Score was compared by the Sign
test. To assess the contribution of each core set measure to
Total Improvement Score, generalized linear regression analy-
sis was performed. The frequency of improvement in muscle-
related core set measures and patient-reported outcome meas-
ures was calculated for each Myositis Response Criteria cate-
gory. Spearman correlation of the Total Improvement Score
with absolute percentage change between corresponding core
set measures for IMACS vs PRINTO core set measures for
Myositis Response Criteria was performed [13]. Agreement
between categorical physician-assessed change and Myositis
Response Criteria categories was assessed by weighted
Cohen’s kappa test using the Rituximab trial and consensus
profile data [14]. Results of all studies combined are presented
in the manuscript tables and individual studies in the
Supplementary Tables, available at Rheumatology online.

Results
Distribution and improvement in core set measures

by improvement category

By Myositis Response Criteria improvement category, there was
a significant monotonic increase in the Total Improvement Score
for minimal (median Total Improvement Score 38 for IMACS
and PRINTO core set measures), moderate (median Total
Improvement Score 58 for IMACS, 55 for PRINTO core set
measures) and major improvement (median Total Improvement
Score 83 for IMACS, 93 for PRINTO core set measures). The
number of core set measures also improved at different Myositis
Response Criteria thresholds (median four, five and six core set
measures improved for minimal, moderate and major improve-
ment, respectively) (Table 1; Supplementary Table S1, available
at Rheumatology online). The absolute percentage change in
each core set measure also increased with increasing improve-
ment levels (Table 1). Overall, the median absolute percentage
change for each core set measure ranged from 2–20% for mini-
mal improvement, 6–26% for moderate improvement and 29–
58% for major improvement, using IMACS or PRINTO core
set measures (Table 1). This pattern of increasing absolute per-
centage change in core set measures by improvement category
was also generally observed for individual studies
(Supplementary Table S2, available at Rheumatology online).

Relationship between baseline core set measure

values and level of improvement category

For patients with major improvement, baseline core set mea-
sure values reflected greater initial disease activity compared
with those with minimal or moderate improvement. Patients
with moderate improvement also had higher baseline disease

activity in some core set measures compared with those with
minimal improvement. These trends of higher disease activity
at baseline with higher levels of improvement were present in
the PRINTO trial and the consensus profiles, but not in the
Rituximab trial (Supplementary Table S3, available at
Rheumatology online).

Contribution of core set measures to the Total

Improvement Score

In JDM patients with minimal improvement, the percentage con-
tribution of most core set measures to the Total Improvement
Score was as expected based on maximal contribution per core
set measure. Physician Global Activity contributed more than
expected to the Total Improvement Score, and MMT contrib-
uted less than expected using IMACS core set measures, with a
less than expected contribution of CHQ-PF50 PhS to the Total
Improvement Score using PRINTO core set measures (Table 1;
Supplementary Table S4, available at Rheumatology online). In
those with moderate improvement, Physician Global Activity
and CHAQ contributed more than expected, while
Extramuscular Activity contributed less than expected to the
Total Improvement Score using IMACS core set measures, and
CHQ-PF50 PhS contributed less than expected using PRINTO
core set measures (Table 1; Supplementary Table S4, available
at Rheumatology online). Individual studies were generally simi-
lar, though muscle enzyme contributed less than expected in the
Rituximab trial (Supplementary Table S4, available at
Rheumatology online). By multiple regression, all core set meas-
ures, other than muscle enzyme, contributed significantly to the
Total Improvement Score using IMACS core set measures. All
core set measures contributed significantly to the Total
Improvement Score using PRINTO core set measures, except
CHAQ in the PRINTO consensus profiles (Supplementary
Table S5, available at Rheumatology online).

Distribution and worsening in core set measures by

improvement category

Worsening of core set measures was infrequent among those
who improved by the Myositis Response Criteria, with less
worsening in those with moderate and major improvement.
Those with minimal improvement had worsening in a median
of 0–1 core set measures, while those with moderate or major
improvement had worsening in a median of zero core set
measures (Table 1; Supplementary Tables S6A and S7A,
available at Rheumatology online). With minimal improve-
ment, 27–43% of patients had worsening in one core set mea-
sure, and 12–15% had �2 core set measures worsening. The
median absolute percentage worsening in any core set mea-
sure ranged from 9–40% (Supplementary Tables S6B and
S7B, available at Rheumatology online). Parent Global
Disease Activity or CHQ-PF50 PhS were the most frequent
core set measures that worsened (median 18% worsening of
each). With moderate improvement, a median of 24–26% of
patients had worsening in one core set measure; only 4–5%
had �2 core set measures worsening. With major improve-
ment, worsening was very limited as only 3–6% of patients
had one core set measure worsening; none had �2 core set
measures worsening (Table 1). Worsening occurred in only 0–
3% of any core set measures (Supplementary Tables S6B and
S7B, available at Rheumatology online). Of note, 12–17% of
patients with minimal improvement, 4–5% with moderate
improvement, and no one (0%) with major improvement had
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Table 1. Distribution and change in core set measures by improvement categories for JDM

Myositis Response Criteria categories

No improvementa (n¼102) Minimal improvementa (n¼60) Moderate improvementa (n¼106) Major Improvementa (n¼189)

IMACS Core Set Measure (CSM) response characteristics
Median Total Improvement Score 12.5 [2.5–20.0] 37.5 [32.5–42.5]b 57.5 [52.5–65.0]b,c 82.5 [75.0–92.5]b,c,d

Median number of core set measures improvedf 1.0 (0.0–4.0) 4.0 (2.0–5.0)b 5.0 (3.0–6.0)b,c 6.0 (4.0–6.0)b,c,d

Median absolute percent change in each core set measure
Physician Global Disease Activity 0.0 [(�9.0) – 8.0] 15.5 [10.0–23.0]b 26.0 [16.0–40.0]b,c 52.0 [40.0–69.0]b,c,d

Parent Global Disease Activity 0.0 [(-10.0) – 12.0] 10.0 [0.0–24.0]b 24.5 [10.0–38.0]b,c 50.0 [37.0–68.0]b,c,d

Manual Muscle Testing 0.0 [(-8.0) – 3.0] 5.0 [0.5–10.0]b 16.0 [8.0–25.0]b,c 39.0 [26.0–53.0]b,c,d

Childhood Health Assessment Questionnaire 0.0 [(-4.0) – 4.0] 8.0 [0.0–21.0]b 25.0 [8.0–38.0]b,c 54.0 [33.0–75.0]b,c,d

Extramuscular activity �1.0 [(-13.0) – 0.0] 9.5 [0.0–18.5]b 10.0 [0.0–25.0]b 30.0 [10.0–48.0]b,c,d

Muscle enzyme 4.5 [0.0–14.0] 11.0 [2.0–23.5]b 12.5 [3.0–31.0]b 45.0 [19.0–111.0]b,c,d

Median percentage contribution to Total Improvement Score
Physician Global Disease Activity (expected contri-

bution 20%)
0.0 [0.0–27.3]e 30.1 [20.0–41.2]e 28.6 [22.2–33.3]e 22.2 [21.1–25.0]e

Parent Global Disease Activity (expected contribu-
tion 10%)

10.0 [0.0–14.3] 7.1 [0.0–15.4] 11.1 [4.4–14.8] 10.5 [9.4–12.5]e

Manual Muscle Testing (expected contribution
32.5%)

0.0 [0.0–36.4]e 25.8 [0.0–32.1]e 37.2 [20.0–47.8] 35.1 [32.5–39.4]e

Childhood Health Assessment Questionnaire
(expected contribution 10%)

0.0 [0.0–10.0]e 11.8 [0.0–19.4] 12.0 [9.1–14.8]e 10.7 [10.0–11.8]e

Extramuscular activity (expected contribution
20%)

0.0 [0.0–20.0]e 18.8 [0.0–29.4] 11.8 [0.0–25.0]e 16.7 [9.4–20.5]e

Muscle enzyme (expected contribution 7.5%) 7.5 [0.0–33.3] 6.3 [0.0–15.4] 4.7 [0.0–11.1] 7.9 [6.3–9.1]e

Median number of core set measures worseningf 1.0 (0.0–6.0) 1.0 (0.0–2.0) 0.0 (0.0–2.0) 0.0 (0.0–1.0)
Subjects with 1 worsening core set measure 27 (26.5) 26 (43.3) 25 (23.6) 12 (6.3)
Subjects with �2 worsening core set measures 47 (46.1) 7 (11.7) 5 (4.7) 0 (0.0)

PRINTO Core Set Measure (CSM) response characteristics

No improvement (n¼83) Minimal improvement (n¼34) Moderate improvement (n¼72) Major improvement (n¼191)

Median Total Improvement Score 7.5 [0.0–15.0] 37.5 [32.5–40.0]b 55 [50.0–61.2]b,c 92.5 [82.5–97.5]b,c,d

Median number of core set measures improvedf 1.0 (0.0–4.0) 4.0 (2.0–5.0)b 5.0 (2.0–6.0)b,c 6.0 (4.0–6.0)b,c,d

Median absolute percent change in each core set measure
Physician Global Disease Activity 0.0 [(-11.0) – 9.0] 19.5 [13.0–27.0]b 26.0 [15.0–38.5]b 50.0 [38.0–68.0]b,c,d

Parent Global Disease Activity 0.0 [(-13.0) – 6.0] 4.0 [0.0–20.0]b 20.0 [8.5–30.5]b 50.0 [32.0–66.0]b,c,d

Childhood Myositis Assessment Scale 0.0 [(-12.0) – 0.0] 8.0 [4.0–10.0]b 14.0 [7.0–21.0]b,c 46.0 [31.0–63.0]b,c,d

Childhood Health Assessment Questionnaire 0.0 [(-12.0) – 0.0] 2.0 [0.0–17.0]b 17.0 [4.0–31.0]b,c 58.0 [38.0–75.0]b,c,d

Disease Activity Score 0.0 [(-10.0) – 5.0] 15.0 [5.0–25.0]b 25.0 [15.0–35.0]b,c 50.0 [35.0–60.0]b,c,d

Child Health Questionnaire-Parent Form 50 –
Physical Summary Score

0.0 [(-4.0) – 3.0] 2.0 [(-4.0) – 10.0] 5.5 [0.0–17.0]b 29.0 [16.0–43.0b,c,d
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Table 1. (continued)

PRINTO Core Set Measure (CSM) response characteristics

No improvement (n¼83) Minimal improvement (n¼34) Moderate improvement (n¼72) Major improvement (n¼191)

Median percentage contribution to Total Improvement Score
Physician Global Disease Activity (expected con-

tribution 20%)
20.0 [0.0–37.5] 37.5 [18.8–43.8] 29.8 [19.4–34.1]e 20.7 [20–22.2]e

Parent Global Disease Activity (expected contri-
bution 10%)

10.0 [0.0–10.0] 0.0 [0.0–13.3] 8.9 [4.1–13] 10.0 [8.3–10.7]

Childhood Myositis Assessment Scale (expected
contribution 32.5%)

32.5 [0.0–32.5]e 25.8 [23.5–33.3] 33.3 [19.1–42.3] 34.2 [32.5–36.1]e

Childhood Health Assessment Questionnaire
(expected contribution 10%)

0.0 [0.0–10.0]e 0.0 [0.0–17.7] 11.3 [0.0–14.3] 10.3 [10.0–10.8]e

Disease Activity Score (expected contribution
20%)

20.0 [0.0–20.0]e 23.1 [0.0–35.3] 22.9 [15.8–27.3] 20.0 [17.7–21.1]

Child Health Questionnaire-Parent Form 50 –
Physical Summary Score (expected contribu-
tion 7.5%)

7.5 [0.0–7.5]e 0.0 [0.0–6.7]e 1.9 [0.0–7.6]e 7.5 [5.1–7.9]

Median number of core set measures worseningf 1.0 (0.0–6.0) 0.0 (0.0–3.0) 0.0 (0.0–2.0) 0.0 (0.0–1.0)
Subjects with 1 worsening core set measure 15 (18.1) 9 (26.5) 19 (26.4) 6 (3.1)
Subjects with �2 worsening core set measures 37 (44.6) 5 (14.7) 3 (4.2) 0 (0.0)

The results presented here are based on the combined data, while results for the individual studies are presented in the Supplementary Tables, available at Rheumatology online.
A P-value <0.006 is considered significant for difference between improvement categories.

a Median values are shown with [IQR] or (range) or data is expressed as n (%). Thresholds for the Myositis Response Criteria Improvement Categories of minimal, moderate and major improvement categories are
�30, �45 and �70, respectively.

b Statistically significant difference from the No Improvement category.
c Statistically significant difference from the Minimal Improvement category.
d Statistically significant difference from the Moderate Improvement category.
e Statistically significant difference (P-value <0.008) from the expected contribution (Sign Test).
f A core set measure was considered improving/worsening if the absolute percent change was >5 (<5 for worsening) for all CSMs, except for Manual Muscle Testing or Childhood Myositis Assessment Scale which

were considered improving/worsening if the absolute percent change was >2 (<2 for worsening).
CSM: Core Set Activity Measure, Muscle enzyme: most abnormal serum muscle enzyme value at baseline.
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worsening of MMT or CMAS. The degree of worsening for
MMT or CMAS was a median 9–13% with minimal im-
provement and 8–15% with moderate improvement.

Improvement in muscle-related measures by

improvement category

Regarding the contribution of muscle-related core set meas-
ures to Myositis Response Criteria improvement, MMT/
CMAS improved in 73–77% of patients with minimal im-
provement, 90–93% with moderate improvement, and in
100% of patients with major improvement. More than 85%
of patients with minimal improvement and 100% of patients
with moderate or major improvement had improvement in at
least one muscle-related core set measure encompassing
strength, physical function and CK level (Table 2). Trends
were similar in individual studies, though less significant for
the Rituximab trial and the PRINTO JDM trial, which had a
smaller number of patients with minimal improvement
(Supplementary Table S8, available at Rheumatology online).

Contribution of patient-reported outcome measures

to the improvement categories

For patient-reported outcome measures, as improvement in-
creased from minimal to major, the frequency of patients with
improvement in individual patient-reported outcome measures
increased: Parent Global Disease Activity significantly increased
from 47–58% with minimal improvement to 96–97% with ma-
jor improvement, CHAQ increased from 41–52% with minimal

improvement to 96–99% with major improvement and
CHQ-PF50 PhS increased from 32% with minimal improvement
to 90% with major improvement (Table 2). Improvement in at
least one patient-reported outcome measure occurred in 71–77%
of patients with minimal improvement, 92% with moderate im-
provement and 99–100% with major improvement (Table 2).
Trends were similar for individual studies, including the consen-
sus profiles, though less significant for the Rituximab trial
(Supplementary Table S8, available at Rheumatology online).

Correlation of IMACS and PRINTO core set

measures in Myositis Response Criteria

Regarding the correlation between IMACS and PRINTO core
set measures in the Myositis Response Criteria, the correla-
tion was strongest for the Total Improvement Score (Rho
0.9). Strong correlation was also noted between the absolute
percentage change of MMT and CMAS (Rho 0.8), with mod-
erate correlation for the change in Extramuscular Activity
and Disease Activity Score (Rho 0.4). A weak (Rho 0.3), but
still significant correlation of absolute percentage change in
muscle enzyme and CHQ-PF50 PhS (PRINTO) was seen
(Supplementary Table S9, available at Rheumatology online).

Agreement between physician-assessed

improvement categories and the Myositis Response

Criteria categories

Myositis Response Criteria improvement categories and
physician-assessed categories of change were generally in

Table 2. Distribution of muscle-related, extramuscular and patient-reported measures by improvement categories in JDM

Myositis Response Criteria categories

Minimal Improvement

n (%)

Moderate Improvement

n (%)

Major Improvement

n (%)

Frequency of Muscle-Relateda vs Extramuscular Core Set Measure Contribution to Total Improvement Score (TIS)
IMACS Core Set Measures n¼60 n¼106 n¼189

MMT contributing to Total Improvement Score 44 (73.3) 99 (93.4)b 189 (100.0)b,c

Any muscle-relateda core set measure contributing to Total
Improvement Score

53 (88.3) 106 (100.0)b 189 (100.0)b

No muscle-relateda core set measure contributing to Total
Improvement Score

7 (11.7) 0 (0.0)b 0 (0.0)b

PRINTO Core Set Measures n¼34 n¼72 n¼191
CMAS contributing to Total Improvement Score 26 (76.5) 65 (90.3) 191 (100.0)b,c

Any muscle-relateda core set measure contributing to Total
Improvement Score

29 (85.3) 72 (100.0)b 191 (100.0)b

No muscle-relateda core set measure contributing to Total
Improvement Score

5 (14.7) 0 (0.0)b 0 (0.0)b

Frequency of Patient Reported Measure Contribution to Total Improvement Score
IMACS Core Set Measures n¼60 n¼106 n¼189
Parent Global Activity contributing to Total Improvement

Score
35 (58.3) 87 (82.0)b 184 (97.3)b,c

CHAQ contributing to Total Improvement Score 31 (51.7) 87 (82.0)b 181 (95.7)b,c

Parent Global Activity or CHAQ contributing to Total
Improvement Score

46 (76.7) 97 (91.5)b 188 (99.0)b,c

PRINTO Core Set Measures n¼34 n¼72 n¼191
Parent Global Activity contributing to Total Improvement

Score
16 (47.1) 57 (78.2)b 184 (96.3)b,c

CHAQ contributing to Total Improvement Score 14 (41.2) 52 (72.2)b 189 (98.9)b,c

CHQ-PF50 PhS contributing to Total Improvement Score 11 (32.4) 36 (50.0) 171 (89.5)
Parent Global Activity, CHAQ or CHQ-PF50 PhS contribut-

ing to Total Improvement Score
24 (70.6) 66 (91.7)b 191 (100.0)b,c

Results presented here are based on the combined data, while results for the individual studies are presented in Supplementary Table S8, available at
Rheumatology online.

a Muscle-related measure: MMT, CHAQ or CK Enzyme for IMACS CSMs; CMAS, CHAQ or CHQPF50 PhS for PRINTO CSMs.
b Statistically significant difference (P-value <0.017) from the Minimal Improvement category.
c Statistically significant difference (P-value <0.017) from the Moderate Improvement category.
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agreement for the Rituximab trial and consensus profiles
(Table 3), with a weighted Cohen’s kappa of 0.50 (SE 0.03)
for the Rituximab trial and 0.7 (SE 0.03) for the consensus
profiles. In the Rituximab trial, median Total Improvement
Score was 29, 53 and 70 for the physician-assessed slight,
moderate and marked improvement categories. For
physician-assessed categories of minimal, moderate and major
improvement in consensus profiles, IMACS core set measures
had a median Total Improvement Score of 29, 58 and 85 and
PRINTO core set measures had a median Total Improvement
Score of 30, 63 and 95, respectively (Table 3).

Discussion

We assessed the performance of the ACR-EULAR Myositis
Response Criteria in JDM using two randomized therapeutic
trials and a large consensus profile dataset. This study found
that the Myositis Response Criteria generally reflected an in-
creasing contribution of core set measures by level of im-
provement in the Myositis Response Criteria. Most patients
who met improvement by the Myositis Response Criteria had
improvement in muscle disease and patient-reported core set
measures, while worsening in core set measures was rare.

In general, the performance of the Myositis Response
Criteria with IMACS and PRINTO core set measures was
similar. There was generally strong correlation in the Total
Improvement Score and between comparable IMACS and
PRINTO core set measures, with the exception of a weaker

correlation between muscle enzyme and CHQ-PF50 PhS,
reflecting more difference between the construct of these
IMACS and PRINTO core set measures. All six PRINTO core
set measures and IMACS core set measures other than muscle
enzyme contribute significantly to the Total Improvement
Score, which is consistent with prior PRINTO data used in
the development of PRINTO JDM core set measures [5].
Muscle enzyme was the core set measure with least weight in
the Total Improvement Score [7] as it was previously ranked
the least important core set measure in determining improve-
ment [3]. In evaluated studies, muscle enzyme was also less
consistent in the absolute percentage change by improvement
level, which is supported by adult studies which showed that
muscle enzymes may not change significantly with active
muscle disease in DM [15]. IMACS core set measures are di-
rectly shared with the adult dermatomyositis/polymyositis
Myositis Response Criteria, and may be useful as shared out-
comes in clinical trials that include both adult and juvenile
myositis [16].

There were some differences noted in the contribution of
different core set measures to the Total Improvement Score by
Myositis Response Criteria improvement level. Patients with
major improvement demonstrated lower baseline MMT/
CMAS scores and higher levels of disease activity in other
core set measures, which provides greater improvement po-
tential [7]. Patients achieving major improvement in the
PRINTO trial of newly diagnosed patients and in consensus
profiles, both of which did not have specific core set measure

Table 3. Distribution of improvement by physician-assessed change categories in JDM

Studies Physician-assessed

change categories

Median Total

Improvement

Score [IQR]

Myositis Response Criteria categories

No

Improvement

n (%)

Minimal

Improvement

n (%)

Moderate

Improvement

n (%)

Major

Improvement

n (%)

Rituximab in Myositis
Trial (n¼48)a

No Improvement
(n¼10)

13.7 [7.5–22.5] 8 (80.0) 1 (10.0) 1 (10.0) 0 (0.0)

Slight Improvement
(n¼14)

28.7 [20.0–42.5] 7 (50.0) 4 (28.6) 3 (21.4) 0 (0.0)

Moderate Improvement
(n¼15)

52.5 [30.0–67.5]b 3 (20.0) 2 (13.3) 7 (46.7) 3 (20.0)

Marked Improvement
(n¼9)

70.0 [52.5–75.0]b,c 0 (0.0) 1 (11.1) 3 (33.3) 5 (55.6)

Juvenile IMACS
Consensus Profiles
(n¼267)a

No Improvement
(n¼45)

5.0 [2.5–15.0] 41 (91.1) 4 (8.9) 0 (0.0) 0 (0.0)

Minimal Improvement
(n¼40)

28.8 [20.0–37.5]b 20 (50.0) 15 (37.5) 5 (12.5) 0 (0.0)

Moderate Improvement
(n¼99)

57.5 [45.0–72.5]b,c 5 (5.1) 19 (19.2) 42 (42.4) 33 (33.3)

Major Improvement
(n¼83)

85.0 [75.0–95.0]b,c,d 0 (0.0) 1 (1.2) 11 (13.3) 71 (85.5)

Juvenile PRINTO
Consensus Profiles
(n¼239)a

No Improvement
(n¼38)

3.8 [0.0–7.5] 37 (97.4) 1 (2.6) 0 (0.0) 0 (0.0)

Minimal Improvement
(n¼47)

30.0 [20.0–40.0]b 20 (42.6) 16 (34.0) 10 (21.3) 1 (2.1)

Moderate Improvement
(n¼82)

62.5 [52.5–75.0]b,c 2 (2.4) 10 (12.2) 37 (45.1) 33 (40.2)

Major Improvement
(n¼72)

95.0 [87.5–100.0]b,c,d 0 (0.0) 0 (0.0) 2 (2.8) 70 (97.2)

Physician-assessed change categories were named differently than the MRC categories in the Rituximab trial, as slight improvement rather than minimal
improvement and marked improvement rather than major improvement.

a Statistically significant (P-value <0.05) agreement between physician assessment and MRC for Consensus profiles includes participants with at least 70%
consensus for minimal improvement.

b Statistically significant difference (P-value <0.008) in Total Improvement Score distribution from the No Improvement category.
c Statistically significant difference (P-value <0.008) in Total Improvement Score distribution from the Minimal Improvement category.
d Statistically significant difference (P-value <0.008) in Total Improvement Score distribution from the Moderate Improvement category.
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disease-activity inclusion criteria, had baseline core set mea-
sure values reflecting significantly higher disease activity.
However, for the Rituximab trial, which required refractory
and moderately active disease by core set measure criteria,
there was no relationship between Myositis Response Criteria
improvement category and baseline core set measure values.
Thus, in studies without core set measure-based inclusion cri-
teria (PRINTO trial, consensus profiles) and more varied
baseline activity, there was a correlation between higher base-
line core set measure activity with major improvement [3, 5,
11, 12].

More than 90% of those with at least minimal improve-
ment by Myositis Response Criteria had improvement in a
muscle-related core set measure (MMT/CMAS) and improve-
ment in a patient-reported outcome measure. Muscle involve-
ment in JDM causes significant functional impairment,
emphasizing the importance of improvement in this domain.
Improvement without contribution of any muscle-related core
set measure was uncommon (2%), with no patients achieving
moderate or major improvement without improvement in a
muscle-related core set measure. This is reassuring for use of
the Myositis Response Criteria in clinical trials, in that mean-
ingful improvement generally includes muscle disease.
Regarding patient-reported outcome measures, explicitly in-
cluding Parent Global activity, physical function (CHAQ),
and health-related quality of life (CHQ-PF50 PhS) are very
important to reflect improvement from the patient perspective
[4]. This study shows that patient assessment of disease sta-
tus/outcome is well-represented in the Myositis Response
Criteria.

Worsening in individual core set measures was infrequent
among those who had improved based on Myositis Response
Criteria. The previous Definitions of Improvement in JDM re-
quired improvement in at least three of six core set measures
with worsening in one or two core set measures, excluding
MMT/CMAS [10]. Among those who improved with the
Myositis Response Criteria, worsening in two or more core
set measures was uncommon. No one with major improve-
ment had any worsening in MMT/CMAS. This indicates that
further specification or limitation of improvement based on
worsening in core set measures is likely not necessary.

Physician assessed change categories were overall in agree-
ment with the Myositis Response Criteria Total Improvement
Score categories. There were higher levels of agreement in the
consensus profiles than in the Rituximab trial. This may be
because consensus profiles are defined by having at least 70%
agreement among clinical experts regarding the presence or
absence of at least minimal improvement, so cases where im-
provement is less clear have been excluded [3]. Thus, the
greater agreement in consensus profiles may not be unex-
pected. It is difficult to directly compare median Total
Improvement Score per physician-assessed change categories
to Myositis Response Criteria Total Improvement Score cate-
gory thresholds, as they are different constructs. In the
Rituximab trial, median Total Improvement Score values of
physician-assessed change categories were close to corre-
sponding Myositis Response Criteria Total Improvement
Score thresholds, while in the consensus profile data, median
Total Improvement Score values were higher for moderate
and major improvement than the corresponding Myositis

Response Criteria Total Improvement Score category thresh-
olds. Total Improvement Score cutoffs for the improvement
categories should be further evaluated in future studies.

There are some limitations in this study. The number of
patients was small for some subgroups, including for some
improvement categories within specific studies. In addition,
some of the datasets were used in parts of the development of
the Myositis Response Criteria, though the goals of this study
had not previously been assessed. As the Myositis Response
Criteria was designed specifically for those with JDM with
muscle involvement, muscle-specific core set measures
(MMT/CMAS) are the most heavily weighted in the Myositis
Response Criteria. Thus, the sensitivity of Myositis Response
Criteria to assess those with refractory skin disease with little
muscle involvement [17], which is common in refractory
JDM, requires further study. Performance of the Myositis
Response Criteria in infrequent subgroups of juvenile myosi-
tis, including juvenile polymyositis, immune-mediated necro-
tizing myopathy and clinically amyopathic JDM, has not been
assessed. Additionally, while we assessed Myositis Response
Criteria change vs physician-assessed meaningful change, we
lacked patient-driven assessment of change as a comparison.

In conclusion, this is the first large-scale study to assess the
performance of the 2016 ACR-EULAR Myositis Response
Criteria using multiple JDM studies, including both treatment
trials and natural history studies. It addresses several concerns
regarding the contribution and change of individual core set
measures for IMACS and PRINTO core set measures, the spe-
cific contribution of muscle-related core set measures, and re-
flection of patient perspectives in improvement categories.
The inclusion of physician assessment of change allows for
comparison of Myositis Response Criteria Total
Improvement Score to clinically meaningful change. Overall,
this analysis suggests the ACR-EULAR Myositis Response
Criteria are robust in their assessment of clinical improvement
in JDM, perform consistently across multiple studies and
should be used in future trials as a validated outcome
measure.
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Supplementary material is available at Rheumatology online.
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