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ABSTRACT

Objectives To develop and validate the cut-offs in the Juvenile
DermatoMyositis Activity Index (JDMAI) to distinguish the states
of inactive disease (ID), low disease activity (LDA), moderate
disease activity (MDA) and high disease activity (HDA) in
children with juvenile dermatomyositis (JDM).

Methods For cut-off definition, data from 139 patients
included in a randomised clinical trial were used. Among the six
versions of the JOMAI, JDMAT1 (score range 0—40) and JDMAI2
(score range 0—39) were selected. Optimal cut-offs were
determined against external criteria by calculating different
percentiles of score distribution and through receiver operating
characteristic curve analysis. External criteria included

the modified Pediatric Rheumatology International Trials
Organization (PRINTO) criteria for clinically ID in JOM (for ID)
and PRINTO levels of improvement in the clinical trial (for LDA
and HDA). MDA cut-offs were set at the score interval between
LDA and HDA cut-offs. Cut-off validation was conducted by
assessing construct and discriminative ability in two cohorts
including a total of 488 JDM patients.

Results The calculated JDMAI1 cut-offs were <2.4
for ID, <6.6 for LDA, 6.7—11 for MDA and >11 for HDA.
The calculated JDMAI2 cut-offs were <5.2 for ID, <8.5
for LDA, 8.6—11.3 for MDA and >11.3 for HDA. The
cut-offs discriminated strongly among disease activity
states defined subjectively by caring physicians and
parents, parents’ satisfaction or non-satisfaction

with illness outcome, levels of pain, fatigue, physical
functional impairment and physical well-being.
Conclusions Both JDMAI1 and JDMAI2 cut-offs revealed good
metrologic properties in validation analyses and are, therefore,
suited for application in clinical practice and research.

INTRODUCTION

Juvenile dermatomyositis (JDM) is the most
common idiopathic inflammatory myopathy
in childhood. It is a systemic autoimmune
vasculopathic disease that affects muscle and
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Recently, the first composite disease activity score
for juvenile dermatomyositis (JDM), named Juvenile
DermatoMyositis Activity Index (JDMAI), has been
developed and validated.

= To aid in interpretation of JDMAI scores, criteria (ie,
cut-off values) are needed for defining various levels
of JDM activity.

WHAT THIS STUDY ADDS

= This study defines the cut-off values in the JDMAI
that correspond to the states of inactive disease and
low, moderate and high disease activity in JOM.

= The cut-offs have been validated in a large patient
sample.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The JDMAI cut-offs may represent suitable treatment
targets and may help improve disease outcome.

skin, but may also involve visceral organs,
especially the bowel and lung, and is charac-
terised by poorly understood complications,
namely dystrophic calcinosis and lipodys-
trophy." ® Despite markedly reduced mortality
rates for JDM over the last 50 years, there are
still many patients who are treatment resistant
and experience chronic disease activity.
These patients are at risk of developing
disease-related or treatmentrelated damage
and functional disability, which may have a
marked impact on their quality of life.*”

In recent years, the treatment of JDM
has been made more rational through the
proposal of innovative treatment approaches
in uncontrolled studies,s_m the scrutiny
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of novel and traditional medications in randomised
controlled trials,'' '* and the publication of consensus-
based treatment recommendations."” '* There is nowa-
days growing interest in assessing new therapies that
target various recently discovered pathways implicated in
the pathogenesis of idiopathic inflammatory myopathies,
including JDM."

To substantiate these therapeutic advances, there is
the need for sensitive, precise and feasible measures of
disease activity. A suitable and pragmatic approach to
the measurement of disease activity in JDM can be based
on the so-called composite disease activity scores (DAS).
These tools are designed to quantify the absolute level of
disease activity by providing one summary number on a
continuous scale. Recently, the first composite DAS for
JDM, named Juvenile DermatoMyositis Activity Index
(JDMALI), has been developed and validated.'®

To aid in the interpretation of the scores obtained with
the JDMAI, criteria (ie, cut-off values) are needed for
defining various levels of JDM activity. These criteria may
provide simple and intuitive reference values for moni-
toring of disease course over time in an individual patient
or for comparing the disease status across single patients
or patient groups. Furthermore, they may support
decisions about enrolment into clinical trials as well as
requirements for changes in therapies and for estab-
lishing therapeutic goals in the treat-to-target strategy.

This study was undertaken to determine and vali-
date cut-off values in the JDMAI that correspond to the
states of inactive disease (ID), low (or minimal) disease
activity (LDA), moderate disease activity (MDA) and
high disease activity (HDA). Of note, due to the simi-
larity in the structure between the JDMAI and the Juve-
nile Arthritis Disease Activity Score (JADAS), a composite
DAS for juvenile idiopathic arthritis developed by our
group,'” the methods used for the definition and valida-
tion of the cutoff values in the JDMAI were similar to
those previously employed for the establishment of the
JADAS cut-offs.'®*!

METHODS

Composition and calculation of the JDMAI versions used in
the study

The JDMAI combines the following four key meas-
ures of disease activity in JDM: (1) physician’s global
rating of overall disease activity (PhGA) on a 0-10
Visual Analogue Scale (VAS) (where 0=no activity and
10=maximum activity); (2) parent’s/patient’s global
rating of patient’s overall well-being (PaGA) on a 0-10
VAS (where O=bestand 10=worst); (3) measurement
of muscle strength and (4) assessment of skin disease
activity. In the validation study of the JDMAL'" six
versions of the instrument were tested, which differed
in the measures used to assess items 3 and 4. Measure-
ment of muscle strength was made through the hybrid
Manual Muscle Testing 8 (MMT)/Childhood Myositis
Assessment Scale (CMAS) (hMC) (score range O=worstto

100=best)** in JDMAIl and JDMAI2, the MMTS (score
range O=worstto 80=best)* ** in JDMAI3 and JDMAI4,
and the CMAS (score range O=worstto 52=best) 2 in
JDMAI5 and JDMAI6. To normalise the difference in
score range, improve score distribution and avoid giving
muscle strength a dominant weight in the index, scores
of all muscle tools were expressed in deciles. Further-
more, scores were reversed to give them the same direc-
tion (ie, O=bestto 10=worst) as the other JDMAI compo-
nents.'® To estimate the activity of skin disease, the physi-
cian’s global assessment of the activity of skin disease on a
10cm VAS (skin activity VAS, score range O=no activity to
10=maximum activity) was included in JDMAI1, JDMAI3
and JDMAID5, and the skin component of the DAS (DAS
skin, score range 0=no activity to 9=maximum activity)*®
was included in JDMAI2, JDMAI4 and JDMAIG6.

Because for the measurement of muscle strength, we
favour the use of the hMC, which is more comprehen-
sive than the MMT8 and more feasible than the CMAS,22
we chose for the present study the JDMAI versions that
include this tool. However, because there are no univer-
sally agreed instruments to quantify skin disease in JDM,
we decided not to choose among the two skin assess-
ment scales. For these reasons, we focused our study on
JDMAI and JDMAZ2, whose score range is 0—40 and 0-39,
respectively.'®

Patient population used for the development of JDMAI cut-
offs

A dataset of 139 patients enrolled in a randomised
controlled trial conducted by the Pediatric Rheuma-
tology International Trials Organization (PRINTO)
aimed to compare prednisone alone versus prednisone
plus methotrexate versus prednisone plus cyclosporine
in newly diagnosed patients with JDM '* was used for
the determination of JDMAI cut-off values. The clin-
ical features of patients enrolled in this trial have been
reported elsewhere.'”

Definitions of disease activity states

The state of ID was defined, according to the modi-
fied PRINTO criteria for clinically ID in JDM,?” * as a
PhGA<0.2and at least two of the three following criteria:
(1) creatine kinase <150U/L, (2) CMAS>48 and (3)
MMT8>78. The disease state of all patients enrolled in
the above-mentioned trial who had achieved at least a
JDM PRINTO 70 level of improvement’ at 6 months was
defined as LDA. The disease state of all patients enrolled
in the PRINTO trial who were non-responders at 6
months, that is, who had not achieved a JDM PRINTO 20
level of improvement,7 was defined as HDA. The state of
MDA was defined as a state in between the states of LDA
and HDA.

Patient populations used for the validation of JDMAI cut-offs

Two patient samples were used to validate the selected cut-
off values. The first sample comprised 213 JDM patients
followed in standard clinical care at 13 international
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paediatric rheumatology centres and evaluated prospec-
tively at baseline and after a median of 5.9 months. The
clinical features of these patients have been reported
elsewhere.'® In addition to collecting the traditional
physician’s centred outcome measures, at the time of the
visit the caring physician was asked to rate subjectively the
child’s disease state as ID, LDA, MDA or HDA. Further-
more, at every visit the parents of the enrolled patients
were asked to make a subjective rating of the child’s
disease state as remission, continued activity or flare. To
facilitate understanding of disease states by parents and
children, remission was defined as ‘complete absence
of symptoms’, continued disease activity as ‘continuing
presence of symptoms’ and flare as ‘recurrence of symp-
toms after a period of complete well-being’. The parents
were also asked to answer a question about satisfaction
with the present symptom state. The question, ‘Consid-
ering all the ways the illness affects your child, would
you be satisfied if his/her condition remained stable/
unchanged for the next few months?’ was to be answered
as ‘yes’ or ‘no’.*

The second sample was composed of 275 patients with
active JDM enrolled in a multinational study aimed to
validate prospectively the provisional PRINTO/Amer-
ican College of Rheumatology/European Alliance of
Associations for Rheumatology disease activity core set
for the assessment of response to therapy in JDM.” For
the purposes of the study, only the baseline evaluations
were retained.

For sake of brevity, the first dataset will hereafter be
named as ‘routine sample’ and the second dataset as
‘PRINTO sample’.

Selection of cut-off values

Optimal cut-off values were determined against external
criteria (ie, the various disease states, as defined above)
by calculating the 10th and 25th percentile (for the ID
cut-offs), the 30th and 40th percentile (for the LDA cut-
offs), and the 75th and 90th percentile (for the HDA
cut-offs) of cumulative score distribution and through
receiver operating characteristic (ROC) curve analysis.
The choice of the final cut-off values was based on clin-
ical and statistical grounds. In the absence of a specific
definition (see above), the cut-offs for the state of MDA
were not calculated through statistical analysis but were
set at the score interval between the cut-offs for LDA and
HDA."

Validation analyses

Because the JDMAI is primarily proposed for use in clin-
ical practice, validation of the cut-offs was focused on
the evaluation of their performance against outcome
measures used in routine care.'® Validation procedures
were based on the assessment of capacity of the cut-offs
to discriminate between: (1) the different disease activity
states assessed subjectively by the caring physicians; (2)
the different disease activity states assessed subjectively
by the parents; (3) parent’s satisfaction or dissatisfaction

Table 1 JDMAI1 and JDMAI2 scores at baseline and at 6
months (JDM PRINTO trial sample)

Median (25th-75th

percentile) Min-max
Baseline (n=138)
JDMAI1 23.3 (19.3-27.9) 11.3-38.0
JDMAI2 25.0 (20.1-28.0) 12.0-37.0
6 months (n=129)
JDMAI 5.0 (2.5-11.9) 0.0-33.0
JDMAI2 7.1(3.3-13.7) 0.0-31.6

JDMAI, Juvenile DermatoMyositis Activity Index; PRINTO,
Pediatric Rheumatology International Trials Organization.

with the child’s disease status; (4) the degree of pain, as
rated by a parent on a 21-numbered circle VAS, where
O=nopain and 10=very severe pain; (5) the level of
fatigue, as assessed by a parent on a 2I-numbered circle
VAS, where 0=no fatigue and 10=very severe fatigue; (6)
the absence or presence of physical disability, defined as
a Childhood Health Assessment Questionnaire (CHAQ)
score of 0 or >0, respectively?’o; (7) the absence or pres-
ence of cumulative damage due to myositis, defined as
a Myositis Damage Index extent of damage score, child
version, of 0 or >0, respectivelygl and (8) a normal or
impaired health-related quality of life, defined as a Child
Health Questionnaire physical summary score (CHQ-
PhS) or psychosocial summary score of >40or <40,
respectively.32 3

Quantitative data were compared by means of the
Kruskal-Wallis test and percentages through the x* test.
All statistical tests were two sided, and p values less than
0.05 were considered significant. The statistical packages
used were Statistica (release V.9.1, StatSoft) and Stata
(release V.11.0, StataCorp).

It was not possible to involve patients or the public in
the design and conduct of this research.

RESULTS

Table 1 shows the JDMAI1 and JDMAI2 scores at baseline
and at 6-month visit in the aforementioned JDM PRINTO
trial.'? As expected, the scores of both tools were quite
high at study entry as the trial population was composed
of newly diagnosed patients. The scores decreased mark-
edly at 6-month evaluation as a result of treatment inter-
ventions.

Selection of the optimal cut-offs for classification of specific
disease activity states

The JDMAII and JDMAI2 cutoffs obtained with the
different statistical approaches are shown in tables 2
and 3. As expected, the cut-offs for ID were the lowest
and the values increased progressively for the states of
LDA, MDA and HDA. The following criteria were used
to select the final cutoffs: specificity was considered
more relevant than sensitivity to identify the cut-offs for
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Table 2 JDMAI1 cut-off values for classification of patients into disease activity states according to different methods (JDM

PRINTO trial data set at 6 months)

Inactive disease 10th centile (sensitivity/ 25th centile (sensitivity/ ROC curve (sensitivity/ AUC 95% CI Selected
(n=129) specificity) specificity) specificity) cut-off
<1 (45.5/99.0) <2.5(75.8/91.7) <2.4 (75.8/92.7) 0.92 (0.86t00.96) <2.4
Low DA 30th centile (sensitivity/ 40th centile (sensitivity/ ROC curve (sensitivity/ AUC 95% CI Selected
(n=121) specificity) specificity) specificity) cut-off
<3 (47.0/94.7) <4 (62.7/89.5) <6.6 (77.1/89.5) 0.88 (0.80t0 0.93) <6.6
High DA 75th centile (sensitivity/ 90th centile (sensitivity/ ROC curve (sensitivity/ AUC 95% CI Selected
(n=121) specificity) specificity) specificity) cut-off

>11.9 (81.3/86.7) >19.2 (43.8/96.2)

>11 (87.5/86.7) 0.91 (0.84100.95) >11

In the low DA and high DA groups, eight patients could not be included in the analysis for these reasons: consent withdrawal (n=1), lost to

follow-up before 6th month (n=7).

AUC, area under the curve; DA, disease activity; JDMAI, Juvenile DermatoMyositis Activity Index; PRINTO, Pediatric Rheumatology

International Trials Organization; ROC, receiver operating characteristic.

the states of ID and LDA, in order to reduce the risk of
misclassifying patients whose disease was actually active.
However, a minimum sensitivity of 75% was requested to
ensure adequate face validity of the criteria. Conversely,
in selecting the final cut-off values for HDA we gave
more importance to sensitivity, that is, to the proportion
of patients with active disease who were correctly classi-
fied, in order to reduce the risk of misclassifying patients
whose disease was active. However, a minimum specificity
of 75% was required to minimise the rate of misclassi-
fication of patients with LDA/MDA as having HDA. As
stated above, the cut-offs for MDA were set at the interval
between the cut-offs for LDA and HDA."

The optimal JDMAII and JDMAI2 cut-off values that
were selected for the various disease states were those
identified by ROC curve analysis and are shown in table 4.

Results of validation analyses

In the routine sample, the percentage of visits in which
patients were judged subjectively by the caring physician
as being in the state of ID or LDA was greater among
patients with JDMAI1 or JDMAI2 scores below the cut-off

values for ID or LDA, whereas the percentage of visits
in which patients were judged by the caring physician as
being in the state of MDA or HDA was greater among
patients with a JDMAIl or JDMAI2 score within the
interval corresponding to MDA or above the HDA cut-off
(see figure 1 for JDMAII and online supplemental figure
S1 for JDMAI2). Likewise, the proportion of visits in which
the JDMAII and JDMAI2 scores were below the cut-off
value for ID was higher among patients judged subjec-
tively by their parents as being in the state of ID than as
having continued activity or flare (online supplemental
figure S2 for JDMAII, data not shown for J]DMAI2). In
the same sample, the percentage of visits in which parents
were satisfied with their child’s disease state was greater
among patients with a JDMAII or JDMAI2 scores below
the cut-off values for ID or LDA, whereas the percentage
of visits in which the parents were not satisfied by their
child’s disease state was greater among patients with a
JDMAII or JDMAI2 within the interval corresponding to
MDA or above the HDA cut-off (see figure 2 for JDMAI1
and online supplemental figure S3 for JDMAI2). Notably,

Table 3 JDMAI2 cut-off values for classification of patients into disease activity states according to different methods (JDM

PRINTO trial data set at 6 months)

Inactive disease 10th centile (sensitivity/ 25th centile (sensitivity/ ROC curve (sensitivity/ AUC 95% Cl Selected
(n=129) specificity) specificity) specificity) cut-off
<1 (39.4/99.0) <8.3 (72.7/89.6) <5.2 (93.9/81.3) 0.93 (0.87t00.97) <5.2
Low DA 30th centile (sensitivity/ 40th centile (sensitivity/ ROC curve (sensitivity/ AUC 95% CI Selected
(n=121) specificity) specificity) specificity) cut-off
<4 (49.4/100) <6 (66.3/97.4) <8.5 (80.7/86.8) 0.91 (0.84t00.95) <8.5
High DA 75th centile (sensitivity/ 90th centile (sensitivity/ ROC curve (sensitivity/ AUC 95% Cl Selected
(n=121) specificity) specificity) specificity) cut-off
>13.73 (75.0/84.8) >21 (50.0/96.2) >11.3 (87.5/78.1) 0.90(0.84t00.95) >11.3

In the low DA and high DA groups, eight patients could not be included in the analysis for these reasons: consent withdrawal (n=1), lost to

follow-up before 6th month (n=7).

AUC, area under the curve; DA, disease activity; JDMAI, Juvenile DermatoMyositis Activity Index; PRINTO, Pediatric Rheumatology

International Trials Organization; ROC, receiver operating characteristic.
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Table 4 Disease activity states based on the JDMAI1 and
JDMAI2 according to the final selected cut-offs

Disease activity state JDMAI1 JDMAI2
Inactive disease <2.4 <5.2
Low disease activity 2.5-6.6 5.3-8.5
Moderate disease activity 6.7-11 8.6-11.3
High disease activity >11 >11.3

JDMAI, Juvenile DermatoMyositis Activity Index.

all patients included in the JDM PRINTO trial had a base-
line score above the HDA cut-oft for both JDMAI1 and
JDMAI2.

The level of pain was lowest in patients with JDMAI1
or JDMAI2 scores below the cut-off value for ID, and
proportionally greater in patients with a JDMAIl or
JDMAIZ2 scores indicating higher disease activity states,
both in routine (see online supplemental figure S4 for
JDMAIZ2, data not shown for JDMAI1) and PRINTO (data
not shown) datasets. Similar results were observed in the
routine sample in relation to the degree of fatigue, which
was more pronounced in patients categorised by the
JDMAII or JDMAIZ2 score as being in a state of MDA or
HDA (see figure 3 for JDMAII and online supplemental
figure S5 for JDMAI2), as expected.

In the PRINTO dataset, the percentage of patients
who had normal physical function (ie, a CHAQ score=0)
was greater among those who had a JDMAII or J]DMAI2

%
100

90

80
73.3
70
59.5
60 —
50
40
30

20 14.7

10 i H “
0.6
: O

Low DA

Inactive Disease

below the cut-offs for ID or LDA, whereas the percentage
of patients who had a CHAQ) score >0 was greater among
those who had a JDMAIl or JDMAI2 in the interval
corresponding to MDA or above the HDA cut-off (See
figure 4 for JDMAII and online supplemental figure S6
for JDMAI2). A proportionally greater impairment of
HRQL in the physical domain (CHQ-PhS), but not in
the psychosocial domain (PsS), was seen from patients
with the J]DMAII or JDMAI2 below the cut-offs for ID/
LDA to patients meeting the criteria for higher disease
activity states (see online supplemental figures S7 and S8
for JDMAII1, data not shown for JDMAI2). The amount
of cumulative damage did not differ among patients
meeting the various JDMAII or JDMAI2 disease activity
states (see online supplemental figure S9, results shown
only for JDMAI2).

DISCUSSION

In this study, we sought to determine the cut-offs in the
JDMAII and JDMAI2 that correspond to the states of
ID, LDA, MDA and HDA in JDM. Cut-offs definition was
performed using a multinational dataset of 139 patients
enrolled in a multinational multicentre clinical trial. The
selected cut-offs were cross-validated in two independent
multinational cohorts comprising 213 JDM patients
followed longitudinally in routine clinical care and 275
patients with active JDM enrolled in a study aimed to
devise a disease activity core set. The size of the patient
samples, which is large for a rare disease such as JDM,

Disease activity state
by JDMAI1 cutoffs

O Inactive disease
O Low DA

B Moderate DA
m High DA

92.9

48

30

71
0 0 0

Moderate DA High DA

Physician’s subjective evaluation of disease activity state

Figure 1

Percentage of patients who had a JDMAI1 score below the cut-offs for inactive disease or low disease activity,

within the interval for moderate disease activity (MDA) or above the cut-off for high disease activity at visit in the routine sample
(n=360) in relation to the subjective evaluation of the state of disease activity (DA) by the caring physician. JDMAI, Juvenile

DermatoMyositis Activity Index.
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Disease activity state
by JDMAII cutoffs

% O Inactive disease
100 O Low DA

90 B Moderate DA

W High DA

80 £
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51.9

50 44.9

40 35.6

30 23.1

20

8.5
10 4.1 38
5 ] —
Satisfied Not Satisfied

Parent’s satisfaction with illness outcome
Figure 2 Percentage of patients who had a JDMAI1 score below the cut-offs for inactive disease or low disease activity,
within the interval for moderate disease activity or above the cut-off for high disease activity at visit in the routine sample
(n=348) among patients whose parents were satisfied or not satisfied with current illness outcome. DA, disease activity; JDMAI,

Juvenile DermatoMyositis Activity Index

and the wide geographical distribution of the centres
make the study findings likely generalisable to patients
with various JDM phenotypes and treated with different
approaches.

For the definition of the cut-offs, we applied a meth-
odology similar to that previously used for the establish-
ment of the JADAS cut-offs for disease activity states in

juvenile idiopathic arthritis.'"™™ The selected cut-off
values were those yielded by ROC curve analysis, which
exhibited the best balance between sensitivity and spec-
ificity. The good performance of the cut-offs is corrob-
orated by their sensitivity and specificity consistently
above or close to 80% and by the AUCs above or close
to 0.90.
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Figure 3 Comparison of the level of fatigue, measured on a 21-numbered circle 0-10 Visual Analogue Scale (VAS) at visit in
the routine sample (n=314) among patients who had a JDMAI1 score below the cut-offs for inactive disease (ID) or low disease
activity (LDA), within the interval for moderate disease activity (MDA) or above the cut-off for high disease activity (HDA).

JDMAI, Juvenile DermatoMyositis Activity Index.
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Figure 4 Comparison of the level of physical disability, measured with a Childhood Health Assessment Questionnaire (CHAQ),
at baseline visit (1=243) in the PRINTO sample among patients who had a JDMAI1 score below the cut-offs for inactive disease
(ID) or low disease activity (LDA), within the interval for moderate disease activity (MDA), or above the cut-off for high disease
activity (HDA). ID and LDA categories have been combined due to the low number of available observations. JDMAI, Juvenile
DermatoMyositis Activity Index; PRINTO, Pediatric Rheumatology International Trials Organization.

In cross-validation analyses, the cut-offs showed strong
ability to discriminate between different disease activity
states based on the subjective perception of paediatric
rheumatologists or parents from different regions of
the world. The cut-offs for ID and LDA were met more
frequently by patients whose disease state was judged by
the caring physician or the parent as remission, or was
deemed acceptable by the parent. Conversely, the cut-offs
for HDA were met more commonly by patients judged by
the caring physician or the parent as having continued
disease activity or disease flare, or deemed by the parent
as not being in an acceptable symptom state. The cut-
offs proved also able to discriminate between the levels of
pain and fatigue, which were lowest in patients who met
the ID cut-off and proportionally greater in patients who
were in LDA, MDA and HDA by the cut-offs.

The observation that patients meeting the cut-offs for ID
and LDA had lesser physical disability and better HRQL
in the physical domain, whereas those whose JDMAI
scores were above the thresholds for MDA and HDA had
greater impairment of these two health domains indi-
cate that the cut-offs possess good construct validity and
may potentially predict prognosis. The lack of difference
in the proportion of patients who met the various cut-
offs in relation to the level of HRQL in the psychosocial
domain was expected, as this aspect of quality of life is
influenced by many factors external to disease activity.”***
The comparability of the degree of cumulative damage
across patients meeting the different cut-offs reinforces
the role of the JDMAI as a specific measure of disease
activity that is not affected by the different construct of
disease damage.

Among the two JDMAI versions tested, we favour the
use of the JDMAII because it revealed overall better
performances in validation analyses and included a
simpler measure of skin disease activity, which makes it
more feasible for regular use in daily practice.

Our results should be interpreted in light of some
potential caveats. The reference criteria adopted for
the definition of disease activity states against which to
determine the cut-offs, namely the modified PRINTO
criteria for clinically ID and the PRINTO level of clin-
ical improvement,7 27728 543 comprise some JDMAI
components, which may raise issues related to circular
assessment. However, the strong ability of the cut-offs
to discriminate between disease activity states defined
subjectively by paediatric rheumatologists and parents
demonstrates that their value corresponds well with the
perception of disease activity level of the caring stake-
holders. We arbitrarily set the cut-off for MDA in between
the cut-offs for LDA and HDA. A consensus definition
or a judgmental approach (ie, explicitly asking physi-
cians and/or parents their opinion on what they would
consider MDA) might have led to cut-off values with
higher face validity and relevance in practice. The hMC,
which was chosen to measure muscle strength, may not
be familial to many paediatric rheumatologists. However,
it can be easily calculated by summing the score of the
MMTS8 to that of 3 of the 14 items of the CMAS, with only
a slight modification in the score of the floor rise item.”?
Note that because the muscle strength component of the
JDMAI is measured in deciles and we previously found
a close correlation between the hMC and both MMTS8
and CMAS,"” either of the latter instruments can be used
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interchangeably with the hMC. For the measurement of
skin disease, we used the skin VAS—derived from the
Myositis Disease Activity Assessment VAS that is part of
the Myositis Disease Activity Assessment Tool’'—for
JDMAIL, and the DAS skin for JDMAI2. However, there
is no universal agreement about which tool is best suited
to assess skin disease in JDM,36 and it is anticipated that
the JDMAI might need to be revised when new well-
designed and validated skin-specific instruments for
JDM become available.” We could not account for the
increasingly recognised heterogeneity of JDM in terms
of histopathological findings on muscle biopsy samples
and myositis-specific autoantibody profile.””* We should
finally acknowledge that the JDMAI assesses specifically
the two major systems affected in JDM (skeletal muscles
and skin), but neglects other potentially, though less
commonly, involved organs/systems, such as the gastro-
intestinal, pulmonary and cardiac. Involvement of these
organs is of foremost clinical importance and can be over-
looked, especially in patients with minor muscle or skin
involvement. Lung involvement is often not routinely
well analysed or evaluated incompletely without assess-
ment of DLCO. Thus, the JDMAI cut-offs can only be
used in patients without gastrointestinal, heart or lung
involvement.

In summary, we have developed the criteria for the
definition of disease activity states in JDM based on the
JDMAII and JDMAI2. In validation analyses, the cut-offs
revealed strong ability to discriminate between disease
activity states defined subjectively by caring physicians
and parents as well as between different levels of pain,
fatigue, physical functional disability and physical well-
being. The cut-offs represent an additional clinical tool
that, if applied regularly in daily practice, may allow
tighter therapeutic control of disease, support the opti-
misation of treatment on an individual patient basis and
help prevent the development of disease damage and
physical disability.
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