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The Total Improvement Score (TIS), which is used as the primary efficacy measure in dermatomyositis (DM)
clinical trials, lacks a skin-specific measure. However, skin is a defining feature of DM. In this study, data were
analyzed from the phase 3 trial of lenabasum in DM. Cutaneous Dermatomyositis Disease Area and Severity
Index-Activity scores and all components of the TIS were collected at baseline and weeks 16, 28, 40, and 52.
From these assessments, a composite outcome was developed, named Dermatomyositis Outcomes for Muscle
and Skin, which includes certain components of the TIS and the Cutaneous Dermatomyositis Disease Area and
Severity Index-Activity scores. The relative sensitivities of the TIS and Dermatomyositis Outcomes for Muscle
and Skin to detect improvement in DM skin and muscle disease activity were analyzed. A total of 174 patients
with DMwere included, 82% were female, and 75% were White. Mean (SD) age was 51.9 (12.20) years. Treatment
effect using the TIS ranged between 17.6 and 21.7 points for muscle and skin responders versus nonresponders
across time points. The Dermatomyositis Outcomes for Muscle and Skin score displayed a statistically signif-
icantly greater treatment effect of 25.9e40.0 points for responders than for nonresponders, depending on the
response assessed and the time point. Dermatomyositis Outcomes for Muscle and Skin is a more sensitive
composite measure that reflects improvement from baseline in both skin and muscle disease activity, sug-
gesting usefulness for use in future DM clinical trials.
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INTRODUCTION
Dermatomyositis (DM) is an autoimmune inflammatory
myopathy that also includes skin symptoms, with heteroge-
neity in the amount of skin and muscle activity among those
affected (Findlay et al, 2015). The mainstay of treatment in
DM currently includes antimalarials, steroids, nonsteroidal
immunosuppressives, and Igs. However, DM can be re-
fractory to such standard-of-care treatments (Kurtzman and
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Vleugels, 2017), and this refractoriness suggests the need
for new drug development and clinical trials to evaluate new
drugs.

Current clinical trials in DM are largely focused on muscle
improvement and may use the Total Improvement Score (TIS)
as the primary efficacy measure (Aggarwal et al, 2017). The
TIS is a validated composite measure scored on a scale of
1e100 and consists of 6 component measures. These include
manual muscle testing (MMT) that scores muscle strength,
Physician Global Assessment (PGA) and Patient Global
Assessment (PtGA) that score overall disease activity, Health
Assessment Questionnaire that scores functional disability,
Extramuscular Global Assessment (EMGA) that scores all
extramuscular disease activity, and serum muscle enzymes.
The TIS assesses muscle weakness, extramuscular involve-
ment, physical function, and global disease activity but lacks
a skin-specific measure.

Skin involvement is a defining feature of DM, and assess-
ment of skin disease activity would ideally be included in any
composite endpoint designed to assess overall disease ac-
tivity in DM. In addition, recent work has indicated that a
large number of patients with DM can present with skin-
predominant disease (Pandya et al, 2024) and that skin dis-
ease activity may be more refractory to treatment than muscle
disease activity (Bhatt et al, 2024). Skin involvement is also a
physically and emotionally burdensome aspect of the disease
. This is an open access article under the
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Table 1. Baseline Subject Demographics and Disease
Characteristics (N [ 174)

Characteristic Values

Age (y), mean (SD) 51.9 (12.20); range ¼ 22e76

Sex, n (%) Female: 142 (82)

Male: 32 (18)

Race, n (%) Asian: 35 (20)

Black: 3 (2)

White: 131 (75)

Other: 5 (3)

Duration of disease (y), median

(IQR)

4.9 (7.8); range ¼ 0.08e31.72

DM subtype, n (%) Amyopathic: 18 (10)

Classic: 151 (87)

Juvenile: 5 (3)

Disease measurement, mean (SD) CDASI-A: 23.4 (12.85); range ¼ 1e65

EMGA: 5.2 (1.82); range ¼ 0.5e9.7

HAQ-DI: 0.8383 (0.71598); range ¼ 0

e2.63

MMT-8: 133.3 (15.50); range ¼ 86e150

PGA: 5.5 (1.67); range ¼ 2.3e9.4

PtGA: 5.1 (2.43); range ¼ 0e9.9

Abbreviations: CDASI-A, Cutaneous Dermatomyositis Disease Area and
Severity Index-Activity; EMGA, Extramuscular Global Assessment; HAQ-
DI, Health Assessment Questionnaire-Disability Index; MMT-8, Manual
Muscle Testing 8; PGA, Physician Global Assessment; PtGA, Patient
Global Assessment.
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that is important from the patient perspective (Kleitsch et al,
2023), supporting the usefulness of including skin-specific
measures in any primary composite efficacy endpoint
designed to evaluate overall disease activity in DM. There is a
need to develop composite outcome measures that include
assessment of skin disease activity for use in future DM
clinical trials.

The Cutaneous Dermatomyositis Area and Severity Index-
Activity (CDASI-A) score is a validated DM skinespecific
instrument that has been used in clinical trials as a primary
or secondary efficacy endpoint. The CDASI-A assesses skin
erythema, scale/crust/lichenification, and erosions/ulcera-
tions in 15 anatomical locations, along with Gottron’s sign/
papules, periungual changes, and alopecia (Ahmed et al.,
2020a; Anyanwu et al, 2015; Gaffney et al, 2019; Goreshi
et al, 2012; Klein et al, 2008). The underlying hypothesis of
this work was that a composite endpoint that includes
CDASI-A in combination with outcome measures that mea-
sure muscle weakness and overall disease activity would
better capture improvements in DM disease activity than the
TIS, which does not include a skin-specific measure.

In this study, data were analyzed from the phase 3 trial of
lenabasum in patients with DM with active muscle weakness
and/or skin disease who were receiving background thera-
pies, including immunosuppressives. CDASI-A scores and all
components of the TIS were collected at baseline and weeks
16, 28, 40, and 52. From these assessments, a composite
outcome was developed, named Dermatomyositis Outcomes
for Muscle and Skin (DMOMS), which includes certain
components of the TIS and the CDASI-A score. The relative
sensitivities of the TIS and DMOMS to detect improvement in
DM skin and muscle disease activity were compared.

RESULTS
Baseline patient demographics and disease characteristics

Data were available on 174 subjects with DM who enrolled
in the phase 3 trial, all of whom met 1975 Bohan and Peter’s
classification criteria for probable or definite DM (Bohan and
Peter, 1975a, 1975b) or the American College of Rheuma-
tology/European League Against Rheumatism classification
criteria for idiopathic inflammatory myopathy (Lundberg
et al, 2017). Baseline demographics and disease character-
istics are provided in Table 1. A total of 87% had classic DM,
10% had amyopathic DM, and 3% had juvenile-onset DM. A
total of 75% of the patients self-identified as White, and 20%
identified as Asian. The mean (SD) age was 51.9 (12.20)
years, and median (interquartile range) disease duration was
4.9 (7.8) years. Mean (SD) baseline disease activity measures
were MMT ¼ 133.3 (15.50), CDASI-A ¼ 23.4 (12.85),
EMGA ¼ 5.2 (1.82), PGA ¼ 5.5 (1.67), PtGA ¼ 5.1 (2.43),
and Health Assessment Questionnaire ¼ 0.8383 (0.71598).

DMOMS composite measure and scoring

Derivation of components. The DMOMS instrument was
developed using the TIS as a starting point (Table 2 and
Supplementary Figures S1eS4). To develop the DMOMS in-
strument, elements of the TIS were assessed for redundancy
and utility in measuring different disease aspects of DM.

Pearson’s correlation of component measures of the TIS
using baseline data showed that PGA and EMGA were
JID Innovations (2025), Volume 5
redundant measures (r ¼ 0.7) (Table 3). The PGA has been
validated to measure disease activity in DM and correlates
well with other objective disease measures (Rider et al,
2011). The PGA is included as a core measure for DM by
the International Myositis Assessment and Clinical Studies
Group and American College of Rheumatology/European
League Against Rheumatism. The EMGA is another PGA
score but has not been validated as a measure of disease
activity in DM in a clinical trial setting. For these reasons,
PGA was included as a component in DMOMS for assess-
ment of clinical responsiveness from the physician’s
perspective, and EMGA was excluded.

The PtGA, similar to PGA, has been validated to measure
overall disease activity in myositis and displays good inter-
rater reliability (Rider et al, 2011). It was included in
DMOMS to assess clinical benefit from the patient’s
perspective.

The CDASI-A is a reliable tool to measure skin disease in
DM and was added as a skin-specific measure in DMOMS.
CDASI-A has been fully validated in multiple studies; has
excellent inter- and intrarater reliability; and correlates well
with skin activity, QOL, and biomarkers of disease activity
(Ahmed et al., 2020b, Anyanwu et al, 2015; Gaffney et al,
2019; Goreshi et al, 2012; Huard er al, 2017; Klein et al,
2008). The CDASI-A score at baseline was not redundant (r
< 0.7) with MMT-8, PGA, or PtGA (Table 4). For these rea-
sons, the CDASI-A was included as a component in the
DMOMS score to assess skin disease activity.

The MMT is a valid, reliable, and consistent measure of
muscle strength and is included as a core activity measure for
DM by International Myositis Assessment and Clinical
Studies Group and American College of Rheumatology/



Table 3. Pearson’s Correlation Coefficients for the
Component Measures of TIS at Baseline

Comparison Pearson’s Correlation Coefficient

MMT versus PGA �0.4

MMT versus PtGA �0.3

MMT versus EMGA 0

MMT versus HAQ �0.6

MMT versus muscle enzymes �0.1

PGA versus PtGA 0.3

PGA versus EMGA 0.7

PGA versus HAQ 0.3

PGA versus muscle enzymes 0.1

PtGA versus EMGA 0.2

PtGA versus HAQ 0.5

PtGA versus muscle enzymes �0.1

EMGA versus HAQ 0.0

EMGA versus muscle enzymes �0.1

HAQ versus muscle enzymes 0.1

Abbreviations: EMGA, Extramuscular Global Assessment; HAQ, Health
Assessment Questionnaire; MMT, manual muscle testing; PGA, Physician
Global Assessment; PtGA, Patient Global Assessment; TIS, Total
Improvement Score.

Table 2. The Dermatomyositis Outcomes for Muscle
and Skin Scoring Instrument

Measure
Level of

Improvement
Improvement

Score

Manual muscle testing or childhood

myositis assessment scale (150-point

maximum scale)

�3-point

improvement

0

4e7-point

improvement

10

8e12-point

improvement

20

13e19-point

improvement

27.5

�20-point

improvement

32.5

Cutaneous dermatomyositis disease area

and severity index (100-point maximum

scale)

�4-point

improvement

0

5e7-point

improvement

10

8e12-point

improvement

20

13e19-point

improvement

27.5

�20-point

improvement

32.5

Physician Global Assessment (0e10 scale) �0.5-point

improvement

0

0.6e1.5-point

improvement

7.5

1.6e2.5-point

improvement

15

2.6e4.0-point

improvement

17.5

�4.1-point

improvement

20

Patient or Parent Global Assessment (0e10

scale)

�0.5-point

improvement

0

0.6e1.5-point

improvement

4

1.6e2.5-point

improvement

7.5

2.6e4.0-point

improvement

11

�4.1-point

improvement

15

Table 4. Pearson’s Correlation Coefficients for the
Component Measures of DMOMS at Baseline

Comparison Pearson’s Correlation Coefficient

CDASI versus MMT 0.2

CDASI versus PtGA �0.02

CDASI versus PGA 0.2

MMT versus PtGA �0.3

MMT versus PGA �0.4

PtGA versus PGA 0.3

Abbreviations: CDASI, Cutaneous Dermatomyositis Disease Area and
Severity Index; DMOMS, Dermatomyositis Outcomes for Muscle and
Skin; EMGA, Extramuscular Global Assessment; HAQ, Health Assessment
Questionnaire; MMT, manual muscle testing; PGA, Physician Global
Assessment; PtGA, Patient Global Assessment; TIS, Total Improvement
Score.
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European League Against Rheumatism (Rider et al, 2011). As
a direct measure of muscle disease, MMTwas included in the
DMOMS tool.

The Health Assessment Questionnaire has been used to
assess functional limitation in myositis, but it is a joint-
specific tool that was originally developed for use in rheu-
matoid arthritis and has limited validity in DM (Rider et al,
2011). This component was removed as a component of
DMOMS.

Up to 5% of patients with DM with documented muscle
involvement have normal serum muscle enzyme levels
throughout the course of disease (Bohan et al, 1977), and
muscle enzymes are only indirect measures of muscle
involvement that often do not reflect the degree of muscle
disease. It has also been documented that up to 20% of pa-
tients with DM can have normal serum creatinine kinase
levels and that other muscle enzymes (lactate
dehydrogenase, aspartate aminotransferase, alanine amino
transferase, and aldolase) are less sensitive and also may not
be elevated (Malik et al, 2016). Consequently, muscle en-
zymes were removed in the DMOMS tool.

Derivation of scoring scale. The scoring scale used in
DMOMS was adapted from the scoring method of TIS
(Table 2 and Supplementary Figures S1eS4). The decision
was made to weight MMTand CDASI-A equally because both
muscle and skin diseases are cardinal features of DM. The TIS
scoring uses absolute percentage changes (Aggarwal et al,
2017). With this approach, large changes in disease activity
in MMT-8 or CDASI-A would have been needed for incre-
mental improvements in overall DMOMS score. Instead, a
point-based scale was chosen to score MMT-8 and CDASI-A
to improve sensitivity to change in the overall score. The
MMT score was weighted the same as in the TIS, and CDASI-
A was weighted very similarly by points. The PtGA and PGA
www.jidinnovations.org 3
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components were also scored on a point-based scale to
standardize scoring of the tool. The PGA was weighted the
same as in the TIS. The PtGA was assigned a 50% increase in
weight compared with its weight in the TIS because it was
considered important to capture patient input on clinical
improvement.

Improvement in the TIS and DMOMS

The mean scores for the TIS and DMOMS at weeks 16, 28,
40, and 52 were compared for the overall patient group as
well as subgroups of CDASI-A and MMT responders and
nonresponders. CDASI-A responders included those with a
�8-point improvement in scores between baseline and the
time point, and MMT responders were those with a �10-
point improvement in scores between baseline and the time
point. The ability of TIS versus DMOMS score to reflect dif-
ferences between skin and muscle responders and non-
responders over time was compared to address the sensitivity
to change of the 2 composite outcome measures. Given that
responders and nonresponders were defined by CDASI-A and
MMT scores for the subgroup analysis, but these scores are
also components of the overall DMOMS scoring system, the
ability of TIS versus DMOMS score to reflect differences in
the overall patient group over time was also compared,
irrespective of response group.

Across all time points, DMOMS scores had a greater mean
(range ¼ 25.5e41.1 points) for the overall patient group than
TIS (range ¼ 22.6e35.7 points), with a statistically significant
difference (P < .05) seen at week 40 (Figure 1).

At all time points after baseline, DMOMS scores had a
greater mean for skin responders, ranging from 50.4 to 62.5
points, than mean TIS, which ranged from 38.6 to 46.7 points
(Figure 2a). Differences between mean DMOMS scores and
TIS were statistically significant (P < .05) at all time points
after baseline. For skin nonresponders, the mean DMOMS
scores ranged between 17.5 and 22.5 points, and mean TIS
ranged from 17.5 to 26.2 points, depending on the time point
(Figure 2b). None of the differences between mean DMOMS
scores and TIS were statistically significant. Furthermore,
DMOMS scores displayed treatment effects for responders
versus nonresponders ranging from 31.9 to 40.0 points,
Figure 1. Improvement in TIS and

DMOMS for all patients. Each data

point represents the mean score �
SEM. *P � .05. DMOMS,

Dermatomyositis Outcomes for

Muscle and Skin; NS, not significant;

TIS, Total Improvement Score.
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depending on the time point, whereas the TIS displayed a
treatment effect ranging from 18.5 to 21.1 points or about
half that of DMOMS scores. The treatment effect of DMOMS
was statistically significantly greater (P < .05) than the
treatment effect of the TIS.

Similarly, for the muscle responders, the DMOMS scores
had a greater mean (range ¼ 47.8e65.3 points) than TIS
(range ¼ 39.6e48.8 points) at all time points after baseline,
with most differences between mean DMOMS scores and
mean TIS being statistically significant (P < .05) (Figure 3a).
For muscle nonresponders, the mean DMOMS scores ranged
between 21.9 and 32.2 points, and the mean TIS ranged from
19.9 to 30.7 points (Figure 3b). None of these differences
between mean DMOMS scores and TIS were statistically
significant. Furthermore, DMOMS scores displayed treatment
effect for responders versus nonresponders ranging from 25.9
to 33.7 points, depending on the time point, whereas the TIS
displayed a treatment effect ranging from 17.6 to 21.7 points.
The treatment effect of DMOMS was statistically significantly
greater (P < .05) than the treatment effect of the TIS.

DISCUSSION
Skin manifestations in DM have a significant impact on the
patient’s functionality and QOL (Goreshi et al, 2011;
Robinson et al, 2015). When developing composite outcome
measures for use as primary endpoints in DM clinical trials,
outcomes that include a direct measure of skin activity may
be more sensitive to overall disease activity than composite
measures that do not, especially given that skin involvement
is a defining characteristic of DM. This study developed a
composite outcome, the DMOMS, and compared the
responsiveness of the TIS and DMOMS outcomes with data
obtained from the large, prospective phase 3 trial of lena-
basum in DM. Similar to the TIS, DMOMS assigns points only
when improvement is present.

The TIS is a composite measure of DM disease activity that
is heavily weighted toward muscle and does not include a
skin-specific measure. The TIS has been used as the primary
efficacy endpoint in DM clinical trials (Aggarwal et al, 2022;
Werth et al, 2022). The PGA and EMGA components of the
TIS were found to be redundant. Treatment effect using the



Figure 2. Improvement in TIS and DMOMS for CDASI-A. (a) Responders and (b) nonresponders. Each data point represents the mean score � SEM. ***P� .001,

and ****P � .0001. CDASI, Cutaneous Dermatomyositis Disease Area and Severity Index; DMOMS, Dermatomyositis Outcomes for Muscle and Skin; NS, not

significant; TIS, Total Improvement Score.
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TIS in the lenabasum study ranged between 17.6 and 21.7
points for muscle and skin responders versus nonresponders
across time points.

DMOMS is a simpler composite outcome than TIS, with 4
versus 6 component measures. In addition, DMOMS lacks
redundant components, includes CDASI-A scores that are
weighted equally by points to MMT scores, and assigns
greater weight to the PtGA to increase impact of clinical
benefit as assessed by patients. The DMOMS score displayed
a treatment effect of 25.9e40.0 points for responders versus
nonresponders, depending on the response assessed and the
time point after baseline. The DMOMS score measured 3e6
points greater improvement in the overall patient group than
the TIS, on the basis of the time point assessed. The DMOMS
score also consistently measured 12e16 points greater
improvement in skin responders than the TIS and 7e13
points greater improvement in muscle responders, whereas
scores in skin and muscle nonresponders were similar.
Figure 3. Improvement in TIS and DMOMS for MMT. (a) Responders and (b) non

.01, ***P � .001. DMOMS, Dermatomyositis Outcomes for Muscle and Skin; N
Similarity in mean scores of nonresponders for DMOMS and
the TIS for muscle and skin at each time point after baseline
may reflect the design of both scoring systems to provide
points only for improvement.

On the basis of these findings, DMOMS was more sensitive
to improvement in both skin and muscle disease activity and
identified a larger treatment effect. In fact, DMOMS scores
identified up to twice the treatment effect as the TIS
depending on the response assessed and the time point after
baseline. In addition, the treatment effect of DMOMS was
statistically significantly greater than that of the TIS. These
findings suggest that DMOMS may be better suited than the
TIS to detect improvement in DM clinical trials that include
patients with all DM phenotypes and may even allow a
smaller sample size, which would be important in DM, a rare
disease.

It is also important to note that MMT and CDASI-A scores
should negatively correlate, under the assumption that skin
responders. Each data point represents the mean score � SEM. *P � .05, **P �
S, not significant; TIS, Total Improvement Score.
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disease changes with muscle disease in DM. However,
Pearson’s correlation of CDASI-A and MMT scores at baseline
showed that these measures do not correlate inversely, indi-
cating that skin disease changes independently of muscle
disease and that the MMT is not a reliable measure for
reflecting changes in skin disease activity. Furthermore,
Pearson’s correlation of CDASI-A and PGA scores at baseline
did not indicate any correlation, suggesting that physicians
rate muscle disease more than skin disease in the PGA.
Together, this further strengthens the need for a composite
outcome measure such as DMOMS that independently
measures skin disease improvement in DM.

A strength of this paper is that data were prospectively
collected from a clinical trial in a large group of patients with
heterogeneity in DM presentation. Because of the trial
design, a limitation of this study is that data from fewer pa-
tients were available at weeks 40 and 52.

In conclusion, DMOMS is a composite outcome that is a
more sensitive composite measure that reflects improvement
from baseline in skin and muscle disease activity, suggesting
potential usefulness for use in future DM clinical trials as a
more sensitive option than the TIS.

MATERIALS AND METHODS
Data collection and analysis

Posthoc analysis of prospectively collected data from the lenabasum

phase 3 trial in DM (ClinicalTrials.gov Identifier: NCT03813160)

was conducted. All components of the TIS and CDASI-A scores were

collected at baseline and at weeks 16, 28, 40, and 52. Patients were

analyzed as a single group irrespective of treatment allocation

because the study did not achieve statistical significance for its pri-

mary efficacy endpoint of the TIS at week 28. Patients that had �10-

point improvement in MMT scores or �8-point improvement in

CDASI-A scores at each time point compared with baseline were

considered to be responders. These thresholds for each category of

improvement were based on documented or reasonable values for

minimal clinically important differences of these measures. In the

setting of a clinical trial, the minimal clinically important difference

for CDASI-A has been reported to be an improvement of 5.5e7.8

points (Pandya et al, 2023), so a conservative measure of an 8-point

improvement was used. There is currently no documented minimal

clinically important difference for MMT, so the generally accepted

value of a 10-point improvement was used. These thresholds for

each category of improvement were established prior to analyses.

To assess for redundancy in TIS, a Pearson’s correlation was

conducted on absolute values of all component measures at base-

line, with r � 0.7 indicating redundancy. To assess efficacy of the TIS

and the DMOMS scores in capturing skin and muscle disease

improvement, a Student’s t-test was used to compare mean scores at

weeks 16, 28, 40, and 52 in the overall patient group and in both

responders and nonresponders. The treatment effect of responders

versus nonresponders for the TIS and the DMOMS across the time

points was also assessed and compared using a Student’s t-test.
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Supplementary Figure S1. Cutaneous Dermatomyositis Disease Area and Severity Index.
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Supplementary Figure S2. Manual

Muscle Testing e 8 items.

Supplementary Figure S3. Physician Global Assessment. Global (overall) disease activity at each study visit is rated by drawing a vertical mark on the 10-cm line

shown in the figure according to the following scale: left end of line ¼ no evidence of disease activity and right end of line ¼ extremely active or severe disease

activity, with midpoint at 5 cm.
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Supplementary Figure S4. Patient Global Assessment. Global (overall) disease activity at each study visit is rated by drawing a vertical mark on the 10-cm line

below according to the following scale: left end of line ¼ no evidence of disease activity and right end of line ¼ extremely active or severe disease activity, with

midpoint at 5-cm.
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