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ABSTRACT

Introduction: Muscle and skin involvement
are well defined in dermatomyositis but other
symptoms contribute significantly to the disease
burden and their treatment is not well character-
ized. This post hoc analysis of ProDERM assessed
the effect of intravenous immunoglobulin (IVIg)
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treatment on other manifestations of dermat-
omyositis beyond muscular and cutaneous
involvement.

Methods: ProDERM was a randomized, pla-
cebo-controlled study. For weeks 0-16, patients
with dermatomyositis received 2.0 g/kg IVIg
(Octagam, 10%) or placebo every 4 weeks. Eli-
gible patients entered the open-label extension,
where all received 1VIg to week 40. Pulmonary,
skeletal, constitutional, gastrointestinal, and car-
diovascular disease activity was assessed using
the myositis disease activity assessment tool,
comprising a visual analog scale (VAS; 0-10 cm)
and myositis intention-to-treat activity index.
Results: Of 95 patients enrolled, 47 received
IVIg and 48 received placebo to week 16. At
baseline, 37.9% of patients experienced pulmo-
nary, 64.2% experienced skeletal, 76.8% experi-
enced constitutional, 33.7% experienced gastro-
intestinal, and 15.8% experienced cardiovascular
involvement (VAS>0.5). Among these patients,
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for those on IVIg, the following mean VAS scores
decreased from baseline to week 16: pulmonary
(37.7%; P=0.001), skeletal (52.6%; P<0.001),
constitutional (44.4%; P<0.001), and gastro-
intestinal (49.2%; P=0.005). No correspond-
ing improvement was seen with placebo except
for constitutional VAS. With IVIg, the propoz-
tions of patients with arthritis (36.2 to 17.8%;
P=0.01), arthralgia (68.1 to 0.0%; P<0.001), and
tfatigue (68.1 to 3.3%; P=0.008) decreased from
baseline to week 16. In the combined cohort,
the proportions of patients with dysphonia (20.0
to 8.1%; P=0.04), arthralgia (66.3 to 39.8%;
P<0.001), weight loss (10.5 to 3.4%; P=0.04),
fatigue (75.8 to 50.0%; P<0.001), and dysphagia
(40.0 to 18.4%; P<0.001) decreased from base-
line to week 40.

Conclusion: 1VIg was effective in treating
pulmonary, skeletal, constitutional, and gas-
trointestinal manifestations of dermatomyosi-
tis. We advocate exploring IVIg as treatment
for dermatomyositis, beyond muscle and skin
manifestations.
Trial Registration:
fier, NCT02728752.

ClinicalTrials. gov identi-
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Key Summary Points

Why carry out this study?

In dermatomyositis, muscle and skin involve-
ment are well defined but other symptoms

contribute significantly to the disease burden
and their treatment is not well characterized.

This post hoc analysis of the ProDERM study
assessed the effect of intravenous immuno-
globulin (IVIg) treatment on other manifesta-
tions of dermatomyositis beyond muscular
and cutaneous involvement.

What was learned from the study?

Pulmonary, skeletal, constitutional, and
gastrointestinal involvement decreased with
IVIg treatment, as assessed on the myositis
disease activity assessment tool visual analog
scale, and the proportions of patients with
arthritis, arthralgia, and fatigue decreased in
patients on IVIg.

We advocate exploring IVIg as treatment for
dermatomyositis, beyond muscle and skin
manifestations.

INTRODUCTION

Dermatomyositis (DM) is an inflammatory myo-
pathy typically characterized by progressive
muscle weakness and skin symptoms, which is
estimated to affect between one and 21 people
per 100,000 of the US population [1-3]. Muscle
and skin involvement have been well character-
ized in patients with DM and numerous studies
have examined the efficacy of therapies for treat-
ment of these symptoms [4]. However, clinical
involvement of other systems, including pul-
monary, skeletal, gastrointestinal (GI), consti-
tutional, and cardiovascular, plays a significant
role in the disease burden of DM and, moreover,
the effects of treatments on these systems are
not well characterized.

Pulmonary manifestations are estimated to
affect 21-80% of patients with DM [5, 6] and
they are associated with increased morbidity
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and mortality [7, 8]. In particular, interstitial
lung disease (ILD) is a severe manifestation
of DM estimated to affect 35-40% of patients
with inflammatory myopathies and is linked
to poor prognosis and early mortality [9]. Joint
involvement, such as arthritis and arthralgia, is
also reported in patients with DM. Arthralgia is
thought to be an early symptom of DM and is
estimated to affect around one-third of patients
with DM [10]. Constitutional manifestations
are also common; in a study of 564 individuals
with myositis, 78% reported extreme fatigue or
exhaustion [11]. Fatigue has a profound nega-
tive impact on quality of life; however, treat-
ment of this aspect remains challenging and the
effectiveness of various interventions has been
reported as “very poor” [12].

Gl involvement in patients with DM occurs
as a result of loss of pharyngoesophageal muscle
tone, leading to upper-third esophageal dysmo-
tility. In patients with DM, the most common GI
manifestation is early-phase swallowing dyspha-
gia, affecting around two-thirds of patients with
active disease [13]. Although the majority of GI
involvement in DM is mild, GI symptoms can be
life-threatening in severe cases [13]. Cardiovas-
cular involvement is well established in patients
with DM, with clinical symptoms caused by cor-
onary artery disease and myocarditis [14]. Myo-
cardial symptoms in patients with inflammatory
myopathies are an unfavorable prognostic factor
and a common cause of mortality in patients
with DM [15, 16].

Treatment for the symptoms of DM has his-
torically involved first-line therapy with gluco-
corticoids, followed by immunosuppressants.
As a result of the rarity of DM, and wide range
of its manifestations, there have been no large,
randomized trials to investigate the efficacy of
treatments for the majority of symptoms beyond
those affecting muscle and skin.

Recently, intravenous immunoglobulin (IVIg)
therapy was shown to be efficacious and have a
favorable safety profile in a placebo-controlled,
double-blind, multicenter, phase 3 study (Pro-
DERM) in adult patients with DM [17, 18]. The
primary endpoint of ProDERM was the effi-
cacy of IVIg, as demonstrated by significant
improvement in the Total Improvement Score
(TIS), a weighted composite score reflecting the

change in six core measures of myositis activ-
ity over time [17-19]. ProDERM included use
of the Myositis Disease Activity Assessment
Tool (MDAAT), a validated clinical instrument
designed to evaluate disease activity in patients
with myositis. One of its key components is a
visual analog scale (VAS), which quantifies over-
all myositis disease activity in various organ sys-
tems/domains, including pulmonary, skeletal,
constitutional, GI, and cardiovascular (in addi-
tion to cutaneous) [20]. In addition, MDAAT spe-
cifically quantifies commonly occurring symp-
toms of DM beyond muscular and cutaneous,
such as ILD, arthralgia, fatigue, and dysphagia.

We performed a post hoc analysis of data
from the ProDERM study to assess the effect of
[VIg specifically on pulmonary, skeletal, consti-
tutional, GI, and cardiovascular symptoms of
dermatomyositis.

METHODS

ProDERM (NCT02728752) was a prospective,
phase 3, double-blind, parallel-group, rand-
omized, placebo-controlled study of IVIg treat-
ment in patients with DM [17, 18].

Ethical Approval

The trial was conducted in accordance with
the Declaration of Helsinki and Good Clinical
Practice guidelines. ProDERM was approved by
the relevant independent ethics committees
or institutional review boards, as listed in the
Ethics Committees section of the Supplemen-
tary Material. Each patient provided written,
informed consent before being exposed to any
study-related procedure, including screening
tests for eligibility [17, 18]. Specific consent
for publication was not provided as all data in
this international study (from 36 European and
North American centers) is fully anonymized.

Patients

The ProDERM study included patients aged>18
to <80 years with definite or probable DM
according to Bohan and Peter criteria [21, 22],
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with active disease, who were on concomitant
immunosuppression [17]. The study excluded
patients with cancer-associated myositis, or evi-
dence of active malignant disease within the
previous S years. Inclusion and exclusion crite-
ria have been described in full previously [17].

Study Design

The study protocol has been described in detail
[18]. In summary, the ProDERM study involved
two periods. In the first period, from weeks O to
16, participants were randomized 1:1 to receive
2.0 g/kg IVIg (Octagam 10%; Octapharma AG)
or placebo (0.9% sodium chloride) every 4 weeks
[18].

All patients, except those who had confirmed
deterioration while receiving IVIg, could con-
tinue into the open-label extension phase from
weeks 16 to 40, during which all eligible patients
received 2.0 g/kg IVIg for six additional cycles.

Study Endpoints and Assessments

The primary endpoint of the ProDERM study
was response to IVIg, defined by the percent-
age of patients with least minimal improve-
ment (i.e., a score of >20) in TIS, a weighted
composite score reflecting the change in a core
set of six measures of myositis activity over time,
derived by consensus of the American College of
Rheumatology and European Alliance of Asso-
ciations for Rheumatology [17-19]. MDAAT
was performed prospectively in the ProDERM
study to assess the disease activity of various
organ systems, including pulmonary, skeletal,
constitutional, GI, cardiovascular, and cutane-
ous [20]. Each organ system was assessed using
a myositis disease activity VAS over 10 cm (with
0 cm representing absence of disease activity
and 10 cm representing maximum disease activ-
ity), plus a myositis intention-to-treat activity
index (MITAX). The MITAX assessed individual
health conditions pertaining to each organ sys-
tem, with each rated 0—4, where a score of 0 was
“not present in the last 4 weeks,” 1 was “improv-
ing,” 2 was “the same,” 3 was “worse,” and 4 was
“new in the last 4 weeks.” For the pulmonary
domain, the VAS assessed “active interstitial lung

disease or respiratory muscle weakness requiring
ventilatory support,” and the MITAX assessed
dyspnea from respiratory muscle weakness,
active reversible ILD, and dysphonia. For the
skeletal domain, “severe arthritis with extreme
loss of function” was assessed on the VAS, while
arthritis and arthralgia were assessed via the
MITAX. For the constitutional domain, the VAS
assessed “severe fatigue or malaise resulting in
being bed-bound and an inability to perform self
care,” and the MITAX assessed pyrexia, weight
loss, and fatigue. For the GI domain, “major
abdominal crisis requiring surgery or intensive
care” was assessed via the VAS, while the MITAX
assessed dysphagia and abdominal pain related
to myositis. For the cardiovascular domain, the
VAS assessed “myocarditis, pericarditis, or severe
arrhythmia requiring intensive care unit” and
the MITAX assessed pericarditis, myocarditis,
arrhythmia, and sinus tachycardia.

Statistical Analyses

For this analysis, a VAS score of <0.5 for any
individual domain was considered as show-
ing no disease activity/involvement of that
domain. The percentage of patients with
VAS<0.5 or>0.5 at baseline, week 16, and
week 40 was compared for each domain using
the McNemar test, owing to the binary nature
of the outcome variable.

Change in mean MDAAT VAS scores from
baseline to week 16 and week 40 was analyzed
using paired ¢ tests, as the data were found to
have an approximately normal distribution.

The presence of different health conditions
was assessed through the MDAAT MITAX at
baseline and at weeks 16 and 40. Each condi-
tion was categorized binomially as being present
(score of 1-4) or absent (score of zero). Changes
in the occurrence of the different conditions
from baseline to both week 16 and week 40
were analyzed using a paired exact test. A sec-
ond analysis considered MITAX scores on their
original 5-point scale rather than binomial cat-
egorization. Owing to the ordinal nature of the
scores, the analysis was performed using the Wil-
coxon matched-pairs test.
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RESULTS

Study Population

A total of 95 patients were enrolled in the Pro-
DERM study, of whom 47 were randomized to
receive [VIg and 48 were randomized to receive
placebo in the first period, up to week 16. Of
these, 45 patients (95.7%) in the IVIg group and
46 (95.8%) in the placebo group completed the
first period. During the first period, five patients
(10.4%) on placebo crossed over to IVIg and no
patients on IVIg switched to placebo. In total,
69 (72.6%) patients completed the extension
period.

Patient disposition was described in full pre-
viously [17]. In summary, 71 (74.7%) patients
were female and the median (range) age was
52.0 years (22.0-79.0). The demographics and
baseline characteristics of patients were gen-
erally balanced between the IVIg and placebo
groups and are described in full in the previous
publication [17].

Spread of MDAAT VAS Scores

For each of the five domains assessed using the
MDAAT, the distribution of VAS scores at base-
line was assessed. For the skeletal and consti-
tutional domains, the majority of patients had
symptoms at baseline (i.e., VAS>0.5); of 95
patients, only 34 (35.8%) patients had VAS<0.5
for the skeletal domain, indicating no involve-
ment, and 22 (23.2%) patients had VAS<0.5
for the constitutional domain (Fig. 1b, ¢; and
Table S1 in the Supplementary Material). For the
pulmonary and GI domains, more than half of
the patients did not have involvement at base-
line (n=59 [62.1%] and n=63 [66.3%], respec-
tively) (Fig. 1a, d; and Table S1 in the Supple-
mentary Material).

By week 40, the proportion of patients with
no involvement (i.e., VAS<0.5) had increased
significantly for all four domains, to the fol-
lowing (of 88 patients with available scores): no
skeletal involvement, n=56 (63.6%, P<0.001);
no constitutional involvement, n=57 (64.8%;
P<0.001); no pulmonary involvement, n=68

(77.3%, P=0.007); and no GI involvement,
n=74 (84.1%; P<0.001).

For the cardiovascular domain of the MDAAT,
the majority of patients (80/95; 84.2%) had no
involvement at baseline; this did not change
significantly by week 40 (78/88 patients; 88.6%;
P=0.18) (Fig. S1a).

Mean MDAAT VAS Scores Over Time

For patients with VAS>0.5 at baseline, a sig-
nificant improvement in mean VAS score for
the pulmonary, skeletal, constitutional, and GI
domains was seen from baseline to week 16 for
the IVIg group and from baseline to week 40 for
the combined cohort (Fig. 2a-d and Table 1).
From baseline to week 16 in the IVIg group,
mean skeletal VAS decreased by 52.6% (1.62 cm;
P<0.001), constitutional VAS decreased by
44.4% (1.30 cm; P<0.001), pulmonary VAS
decreased by 37.7% (1.15 cm; P=0.001), and GI
VAS decreased by 49.2% (1.22 cm; P=0.005). In
contrast, no significant improvement for these
domains was noted for the placebo group at
week 16 except for constitutional VAS (Table 1).
A significant difference was seen in the change
in VAS scores through week 16 between the
IVIg and placebo groups for the pulmonary
and skeletal scores (both P=0.02), but not for
constitutional, GI, or cardiovascular scores
(P=0.18, P=0.27, and P=0.22, respectively). At
week 40, following patients on placebo switch-
ing to IVIg, significant improvement was seen
for the combined cohort as compared with base-
line, as follows: mean pulmonary VAS decreased
by 38.2% (1.08 cm), skeletal VAS decreased by
60.1% (1.75 cm), constitutional VAS decreased
by 58.2% (1.70 cm), and GI VAS decreased by
51.0% (1.27 cm; P<0.001 for all domains).

For the cardiovascular domain (Fig. S1b), few
patients had VAS>0.5 at baseline and data were
not available for all patients at all timepoints,
making it difficult to draw conclusions. How-
ever, from baseline to week 16 a decrease in VAS
of 21.4% (0.43 cm) was observed for patients in
the IVIg group, and from baseline to week 40 for
the combined cohort of patients a decrease of
22.4% (0.52 cm) was seen; both decreases were
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Fig.1 MDAAT VAS score at baseline and week 40 for a pulmonary, b skeletal, ¢ constitutional, and d gastrointestinal
symptoms. MDAAT Myositis Disease Activity Assessment Tool, /4§ visual analog scale
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Fig.1 continued
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Table 1 Change in MDAAT VAS scores from baseline for patients with MDAAT VAS > 0.5, at week 16 and week 40

Score Studyarm »  MDAAT VAS score, Change in MDAAT P value, baseline P value, pla-
mean +SD pulmonary VAS to week 16/ cebo vs. IVIg
Baseline Week 16or  Score, mean (95% CI) week 40 at week 16
week 40
MDAAT pulmo- Week 16
nary score Placcbo 21 2614193 2444218  —0.17(-0.69,0.35)  0.50 0.02*
IVIg 12 3.05+1.74 1.90+2.01 - 1.15(-1.75,-0.55) 0.001*
Week 40
Placebo 22 260+1.94 1.70+227 -0.90(-1.37,-0.44) <0.001* -
IVIg 10 333+1.60 1.88+1.72 —1.45(-2.14,-0.76) 0.001*
All pts 32 2.83+1.85 1.75+2.09 - 1.08 (- 1.45,-0.70) <0.001*
MDAAT skeletal Week 16
score Placebo 31 2.68+1.89 2.13+1.93 -0.54(-1.17,0.08)  0.08 0.02*
IVIg 28 3.08+1.61 1.46+1.84 -1.62(-2.33,-0.92) <0.001*
Week 40
Placebo 30 2.70+1.96 1.14+1.39 -157(-222,-0.92) <0.001* -
IVIg 24 3.18+1.68 120+2.14 -1.97(-293,-1.01) <0.001*
All pts 54 291+1.84 1.17+1.74 -1.75(-2.29,-1.20) <0.001*
MDAAT consti- Week 16
tutional score  placebo 39 2754222 2.02+2.07 —-0.74 (- 1.34,-0.13)  0.02* 0.18
IVig 32 293+1.40 1.63+143 -1.30(-1.88,-0.71) <0.001*
Week 40
Placebo 38 2.89+224 122+1.83 -1.67(-2.36,-0.97) <0.001* -
IVig 30 296+1.39 1.23+1.59 -1.73(-2.36,-1.10) <0.001*
All pts 68 292+190 122+1.72 -1.70 (-2.16,-1.23) <0.001*
MDAAT GI Week 16
score Placebo 14 2.73+1.15 2.14+203  -0.59(-1.50,0.31) 0.18 0.27
IVig 17 248+221 125+1.68 -1.22(-2.02,-0.42) 0.005*
Week 40
Placebo 14 248+1.00 1.35+1.84 -1.12(-2.07,-0.18) 0.02* -
IVig 15 251+234 1.11+1.58 —1.40 (—2.36, —0.44) 0.007*
All pts 29 249+1.69 122+1.69 -1.27(-1.90,-0.64) <0.001*
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Table 1 continued

Score Studyarm »  MDAAT VAS score, Change in MDAAT P value, baseline P value, pla-
mean +SD pulmonary VAS to week 16/ cebo vs. IVIg
Baseline Week 16or  S€ore, mean (95% CI) week 40 at week 16
week 40
MDAAT cardio- Week 16
vascular score Placebo 6 215+1.18 220%1.79 0.05 (- 0.82,0.92) 0.88 0.22
IVIg 7  201%x152 1.59+1.89 -0.43(-0.87,0.02) 0.06
Week 40
Placcbo 7 2434126 221+181  —021(-1.09,0.66) 057 -
IVIg 6 218+159 1.30+147 -0.88 (-1.62,-0.14) 0.03*
All pts 13 2324137 1.79+1.66 -0.52(-1.06,0.01)  0.05

The respective analysis only included patients with VAS > 0.5

CI confidence interval, GI gastrointestinal, MDAAT Myositis Disease Activity Assessment Tool, /S visual analog scale

*Statistically significant difference (P < 0.05) between the baseline score and that at week 16 or week 40

of borderline significance (P=0.06 and P=0.05,
respectively).

A similar pattern of improvement was seen
when considering all patients, regardless of
baseline VAS score, although the results were
less pronounced for the GI and cardiovascu-
lar domains (Table S2 in the Supplementary
Material).

To determine if response to IVIg was simi-
lar across all MDAAT domains in each patient
or whether response varied between domains,
improvement in VAS from baseline to week 40
was analyzed for the five domains described
above (i.e., pulmonary, skeletal, constitutional,
GI, and cardiovascular), as well as the cutane-
ous and extramuscular domains, which were
described previously [18, 23]. For each patient,
only domains in which they exhibited symp-
toms at baseline (i.e., had baseline VAS>0.5)
were considered, with response to IVIg classed
as a decrease in VAS of >0.5. For the 88 patients
with scores available at both timepoints, over-
all, 52 (59.1%) showed improvement with IVIg
in all domains in which they had symptoms at
baseline. Five (5.7%) patients did not respond to
IVIg in any affected domain that they exhibited
symptoms at baseline. The remaining 32 (35.2%)

patients showed improvement in some, but not
all, domains.

Presence of Health Conditions Assessed by
MDAAT MITAX

The presence or absence of individual health
conditions associated with the pulmonary,
skeletal, constitutional, GI, and cardiovascu-
lar domains was assessed by MDAAT MITAX,
whereby a score of 1, 2, 3, or 4 indicated the
presence of a health condition and 0 indicated
its absence. At baseline, the most common
health conditions present were fatigue (n=72;
75.8%), arthralgia (n=63; 66.3%), dysphagia
(n=38; 40.0%), arthritis (n=35; 36.8%), dyspnea
(n=24; 25.5%), and dysphonia (n=19; 20.0%),
showing a marked systemic involvement of DM
(Table S1 in the Supplementary Material).

For most health conditions, the number of
patients experiencing each condition decreased
numerically during the study in patients on IVIg,
both to week 16 and week 40 (Fig. 3). At week 16,
the proportion of patients with the following
health conditions had decreased significantly
from baseline in the IVIg group: arthritis (36.2
to 17.8%; P=0.01), arthralgia (68.1 to 40.0%;
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P<0.001), and fatigue (68.1 to 53.3%; P=0.008).
Also at week 16, there was a significant differ-
ence between the IVIg and placebo groups in the
proportion of patients with arthritis (P=0.04)
and arthralgia (P=0.009), and a numerical differ-
ence in the proportion of patients with fatigue,
although this did not reach statistical signifi-
cance (P=0.07). By week 40, the proportion of
patients with the following health conditions had
decreased significantly from baseline in the com-
bined cohort: dysphonia (20.0 to 8.1%; P=0.04),
arthralgia (66.3 to 39.8%; P<0.001), weight
loss (10.5 to 3.4%; P=0.04), fatigue (75.8 to
50.0%; P<0.001), and dysphagia (40.0 to 18.4%;
P<0.001). The percentage of patients with dysp-
nea from respiratory muscle weakness decreased
numerically from baseline to week 16 in the IVIg
group (25.5 to 17.8%; P=0.25) and to week 40 in
the combined cohort (25.5 to 20.9%; P=0.69),
although neither reached statistical significance.

Severity of Health Conditions Assessed by
MDAAT MITAX

Considering the change in MITAX scores on
their original 5-point scale from baseline, at
week 16 an improvement was seen for the fol-
lowing health conditions for patients in the IVIg
group: dyspnea (P=0.008), arthritis (P=0.003),
arthralgia (P<0.001), and fatigue (P<0.001)
(Table 2; full breakdown of scores shown in
Table S3 in the Supplementary Material).
Improvement was also seen for arthritis (P=0.02)
and fatigue (P=0.005) using this scaling system
for patients in the placebo group at week 16.
A significant difference in improvement in
arthralgia was seen between the IVIg and pla-
cebo groups at week 16 (P=0.002); numerical
differences in improvement of other symptoms
between the IVIg and placebo groups were seen
but these did not reach statistical significance.

By week 40, an improvement in the MITAX
S-point scale was seen for the following health
conditions for patients in the combined cohort:
dysphonia (P=0.02), arthritis (P=0.004), arthral-
gia (P<0.001), weight loss (P=0.01), fatigue
(P<0.001), and dysphagia (P<0.001). For dysp-
nea, the changes in scores from baseline did not
reach statistical significance (P=0.17).

DISCUSSION

Results from this post hoc analysis of data from
the ProDERM study highlight the marked sys-
temic involvement of symptoms of DM and
demonstrate that [VIg was effective in treating
the pulmonary, skeletal, constitutional, and GI
symptoms. Significant improvement with IVIg
was observed, particularly in the symptoms of
arthritis, arthralgia, fatigue, weight loss, dys-
phonia, and dysphagia. Overall, patients in
the ProDERM study displayed a wide range
of active manifestations of DM at baseline,
including fatigue, arthralgia, and arthritis.
While these symptoms are not as widely recog-
nized as those affecting skin and muscle, they
are important for clinicians to consider as they
affect the patient’s overall disease status and
quality of life and may indicate more active
disease requiring aggressive therapy.
Glucocorticoids were historically accepted as
the first-line treatment for DM; however, 1VIg
has become a favored treatment for severe or
refractory DM [24]. In 2021, IVIg achieved US
Food and Drug Administration approval in the
USA for adult DM treatment based on the results
of the ProDERM clinical trial [17]. To date, there
remains only a limited number of studies report-
ing the effects of IVIg treatment on DM symp-
toms beyond the muscular and skin manifesta-
tions of the disease. In this analysis we assessed
these lesser explored symptoms, with [VIg dem-
onstrating significant symptom improvement
across four out of the five evaluated systems.
Recently, the association of IVIg response
and factors, including disease activity for each
MDAAT domain and autoantibody status,
including myositis-specific and myositis-asso-
ciated antibodies, was investigated in patients
from the ProDERM study [25]. The analysis
found that patients with all categoric variables,
including those with myositis-specific, myosi-
tis-associated, or no relevant autoantibodies,
responded to IVIg treatment. Patients with
higher cutaneous disease activity or anti-TIF1-y
antibodies responded best to IVIg treatment, and
patients with higher pulmonary disease activity
had a lower, albeit still positive, response to IVIg.
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Fig.3 Percentage of patients with health conditions as
recorded on the MDAAT MITAX score® at baseline,
week 16, and week 40. IV intravenous immunoglobulin,
GI gastrointestinal, /LD interstitial lung disease, MDAAT
Myositis Disease Activity Assessment Tool, MITAX Myosi-
tis Intention-To-Treat Activity Index. *Patients with a

The use of IVIg to treat ILD and other pulmo-
nary manifestations, which are a major cause
of mortality and morbidity in patients with
DM, has been investigated in other studies. An
observational study suggested that IVIg might
be beneficial as salvage therapy in patients with
active progressive anti-aminoacyl-tRNA syn-
thetase antibody (AS)-associated ILD who are
not responding to the combination of steroids
and first-line immunosuppressant drugs. IVIg
treatment demonstrated clinical improvement
in the long-term management of AS-associated
ILD, as well as reduction in steroid use [26].
In a study by Wang et al., the effect of IVIg
therapy on rapidly progressive ILD was evalu-
ated in patients with DM who were positive for
anti-MDAS autoantibodies. The study showed

health condition described as 1—improving, 2—stable,
3—worsening, or 4—new, as per the MDAAT MITAX
score. “Significant difference between IVIg and placebo
groups at week 16 (P <0.05). “Significant difference from
baseline to week 16 (P < 0.05). dSigniﬁcant difference from
baseline to week 40 (P < 0.05)

that IVIg adjunct therapy was a very effective
first-line treatment in these patients and may
increase the survival and remission rate [27].
In the present analysis among all patients, the
percentage of patients with dyspnea from res-
piratory muscle weakness, or patients with ILD,
both decreased from baseline numerically at
weeks 16 and 40, but neither reached statistical
significance. Paired data were only available for
one patient with active ILD at baseline/week 16
in the IVIg group, and for eight patients with
active ILD at baseline/week 40 in the combined
cohort. Two of the patients recovered to con-
dition “absent,” although this result did not
reach significance. The effect of IVIg on ILD in
patients with DM warrants further investigation.
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Table 2 Severity of health conditions as recorded on the MDAAT MITAX score at baseline versus week 16 and week 40

Factor Week 16: IVIg Week 16: placebo Week 40: all patients
No. pts Pvalue No. pts Pvalue No. pts Pvalue
Pulmonary conditions
Dyspnea from respiratory 45 0.008* 44 0.64 86 0.17
muscle weakness
Active reversible ILD 37 1.00 38 0.31 70 0.31
Dysphonia 45 0.27 45 0.29 86 0.02*
Skeletal conditions
Arthritis 45 0.003* 46 0.02* 88 0.004*
Arthralgia 45 <0.001* 46 0.33 88 <0.001*
Constitutional conditions
Pyrexia 45 0.57 46 0.16 88 0.18
Weight loss 45 0.58 46 0.65 88 0.01*
Fatigue 45 <0.001* 46 0.005* 88 <0.001*
Gastrointestinal conditions
Dysphagia 45 0.12 45 0.07 87 <0.001*
Abdominal pain (related to 45 0.16 45 1.00 87 0.56
myositis disease)
Cardiovascular conditions
Pericarditis 44 1.00 42 1.00 83 1.00
Myocarditis 44 1.00 43 1.00 84 1.00
Arrythmia 45 0.32 44 0.16 86 0.41
Sinus tachycardia 45 0.16 45 0.98 87 0.06

ILD interstitial lung disease, /VIg intravenous immunoglobulin, MDAAT Myositis Disease Activity Assessment Tool,

MITAX Myositis Intention-To-Treat Activity Index

*Statistically significant difference (P < 0.05) between the IVIg and placebo groups

The most common GI manifestation in DM
is dysphagia, which can strongly affect patients’
quality of life and is often associated with severe
complications such as weight loss or aspiration
pneumonia [28]. There are several case stud-
ies reporting the positive therapeutic effects of
immunomodulatory medication, including IVIg,
on dysphagia symptoms and objective swallow-
ing evaluations [28, 29], although larger rand-
omized trials have not yet been performed. In

our study the number of patients with dysphagia
at week 40 was significantly lower than at base-
line, as was the number of patients with weight
loss. However, it should be noted that dysphagia
was mostly assessed by subjective patient report
and was not an objective measure.

Treatment with IVIg also led to significant
improvements in the symptoms of arthritis,
arthralgia, and fatigue compared with placebo.
While treatments such as methotrexate may

A\ Adis



868

Rheumatol Ther (2025) 12:855-871

initially be given for inflammatory arthritis,
the ability of an immunoglobulin therapy to
improve the symptoms of joint disease makes it
a powerful option for DM treatment.

For some of the evaluated symptoms, pla-
cebo effect may have been observed. This is as
expected in DM and is also seen in larger trials
with other autoimmune diseases, such as rheu-
matoid arthritis. The placebo effect is also often
seen when assessing subjective symptoms such
as fatigue [30].

Overall, the results from the ProDERM study
suggest that IVIg could be an effective treatment
option for patients with DM. Additionally, the
study’s robust design provides a comprehen-
sive evaluation of the impact of IVIg on various
domains beyond muscle and skin, with the anal-
ysis of MDAAT scores also revealing significant
insights into disease activity in these patients.

Limitations

A limitation of this analysis is that MDAAT
lacks objective measurements, such as pulmo-
nary function tests, electrocardiogram, high-
resolution computed tomography, physical
examination or activity levels to assess arthri-
tis, or studies for dysphagia. Also, data capture
for the MITAX component of the MDAAT was
relatively complex and involved multiple dif-
ferent monitors and may therefore have been
suboptimal. Nonetheless, MDAAT is a validated
instrument that provides overall assessment by
the physician of organ severity and specific clini-
cal features, and in any trial a physician is likely
to interpret the clinical data available to make
an overall assessment of a particular organ or
symptoms. Additionally, evaluation of ILD was
very limited given the small number of patients
with ILD, even though overall improvement was
seen in the pulmonary domain. Few patients in
the ProDERM study had cardiovascular symp-
toms as assessed via MDAAT, and for those who
did, data were not available for all patients at
all timepoints; therefore, it was not possible
to comprehensively evaluate the effect of IVIg
treatment on these symptoms. Also, patients
who participate in clinical trials tend to modify
their behavior and make lifestyle modifications

(such as better diet, exercise, and compliance
habits), and it is possible that some of the organ
system subjective improvements are the result
of clinical trial participation.

Despite its limitations, this study represents
one of the first prospective datasets describing
the effects of IVIg specifically on pulmonary,
skeletal, constitutional, GI, and cardiovascular
symptoms of DM, improving our understanding
of how patients with DM respond systemically
to IVIg treatment.

CONCLUSIONS

This analysis of results from the ProDERM
study suggests that IVIg is an effective treat-
ment option for symptoms of dermatomyositis
beyond muscular and cutaneous symptoms,
including pulmonary, skeletal, constitutional,
and GI manifestations. In particular, IVIg was
effective versus placebo in treating symptoms
of arthritis, arthralgia, and fatigue. Consider-
ing these findings, we advocate further explora-
tion into IVIg as a critical treatment modality
for a wide range of aspects of dermatomyositis,
beyond muscle and skin manifestations.

ACKNOWLEDGEMENTS

The authors thank the participants of the study.

Medical Writing/Editorial Assistance. Med-
ical writing assistance was provided by Cathe-
rine Walsh, and additional statistical analysis by
Paul Bassett, for Bioscript Group, Macclesfield,
UK, in accordance with Good Publication Prac-
tice guidelines, and funded by Octapharma.

Author Contributions. Rohit Aggarwal,
Joachim Schessl and Christina Charles-Sch-
oeman: Conceptualization, Methodology,
Investigation, Resources, Writing—review and
editing, Supervision. Elisabeth Clodi: Project
administration, Funding acquisition, Writing—
review and editing, Resources. Zsuzsanna Bata-
Csorgd, Mazen M. Dimachkie, Zoltan Griger,

A\ Adis



Rheumatol Ther (2025) 12:855-871

869

Sergey Moiseev, Chester V. Oddis, Elena Schi-
opu, Jiri Vencovsky, Todd Levine: Investigation,
Resources, Writing—review and editing.

Funding. This trial was sponsored by Octa-
pharma Pharmazeutika Produktionsges.m.b.H.
(Vienna, Austria). The sponsor was responsible
for funding the journal’s Rapid Service Fee.

Data Availability. Access to the data
underlying this paper is tightly governed by
various legislative and regulatory frameworks.
De-identified clinical and laboratory data and
response to treatment data for the study cohort
included in this study can only be made avail-
able to legitimate researchers and clinicians
from medical and academic institutions, for aca-
demic and clinical research on request to Octa-
pharma Pharmazeutika Produktionsges.m.b.H.
A proposal with a detailed description of study
objectives and a statistical analysis plan will be
requested. The proposal will be evaluated based
on European and international data protection
regulations and regulations about secondary use
of patient data. After approval of a proposal, de-
identified data will be shared through a secure
online platform upon signing a data process-
ing agreement. The study protocol, statistical
analysis plan, and main results are available
at: https://clinicaltrials.gov/ct2/show/NCT02
728752.

Declarations

Conflict of Interest. Rohit Aggarwal has
received research grants or contracts from
Boehringer Ingelheim, Bristol Myers Squibb,
EMD Serono, Janssen, Mallinckrodt, Pfizer, and
Q32 Bio; and has acted as a consultant for Alex-
ion, ANI Pharmaceuticals, Argenx, Artasome,
AstraZeneca, Boehringer Ingelheim, Bristol
Myers Squibb, Cabaletta Bio, Capella Bioscience,
Corbus, CSL Behring, EMD Serono, Galapagos,
Horizon Therapeutics, I-Cell, Immunovant, Jans-
sen, Kezar, Kyverna, Lilly, Novartis, Nuvig Ther-
apeutics, Octapharma, Pfizer, Roivant, Sanofi,
Teva, Tourmaline Bio, and Verismo Therapeutics.
Joachim Schessl has received support for the cur-
rent manuscript and funding and consultancy

fees from Octapharma; and honoraria for pres-
entations from Pfizer. Zsuzsanna Bata-Csorgé
has received payment or honoraria for lectures
from Sanofi, Berlin-Chemie and AbbVie; sup-
port for attending meetings from Sanofi and
Biotest AG; and unpaid board membership in
the Hungarian Dermatology and Immunology
and Allergy Societies. Mazen M. Dimachkie
has received grants from Alexion/AstraZeneca,
Alnylam Pharmaceuticals, Amicus, Argenx, Bris-
tol Myers Squibb, Catalyst, CSL Behring, FDA/
OOPD, GlaxoSmithKline, Genentech, Grifols,
Mitsubishi Tanabe Pharma, MDA, NIH, Novartis,
Octapharma, Orphazyme, Ra Pharma/UCB
Biopharma, Sanofi Genzyme, Sarepta Thera-
peutics, Shire Takeda, Spark Therapeutics, and
The Myositis Association; consultancy fees, pay-
ment, or honoraria for lectures, presentations,
manuscript writing, or educational events,
and participated on a Data Safety Monitoring
Board or Advisory Board for Abata/Third Rock,
Abcuro, Amicus, Argenx, Astellas, Cabaletta Bio,
Catalyst, CNSA, Covance/Labcorp, CSL Behring,
Dianthus, Horizon, EMD Serono/Merck, Fortrea,
Ig Society, Inc., Ipsen, Janssen, Medlink, Nuvig
Therapeutics, Octapharma, Priovant, Sanofi
Genzyme, Shire Takeda, TACT/Treat NMD, UCB
Biopharma, and ValenzaBio; and received roy-
alty fees or licenses, consultancy fees, and pay-
ment or honoraria for lectures, presentations,
speakers bureaus, manuscript writing, or edu-
cational events from Wolters Kluwer Health/
UpToDate. Zoltan Griger has received payment
or honoraria for lectures, presentations, speak-
ers’ bureaus, manuscript writing, or educational
events from AbbVie, Lilly, Novartis, Roche;
received support for attending meetings and/
or travel from Biotest, CSL Behring, Novartis,
AbbVie, and Lilly; and participated on a Data
Safety Monitoring Board or Advisory Board for
Octapharma. Chester V. Oddis has received
research support from Genentech and consult-
ing fees from Pfizer. Elena Schiopu has received
fees for consultancy and speaking bureaus from
Johnson and Johnson and Novartis; and received
research funds as institutional PI from SetPoint,
Galapagos, Johnson and Johnson, BI, Lilly,
Argenx, EMD Serrono, Priovant, Novartis, BMS,
Zena Pharmaceuticals and Horizons/Amgen. Jiri
Vencovsky has received support for the current

A\ Adis


https://clinicaltrials.gov/ct2/show/NCT02728752
https://clinicaltrials.gov/ct2/show/NCT02728752

870

Rheumatol Ther (2025) 12:855-871

manuscript from the Czech Ministry of Health;
grants or contracts from AbbVie; consulting fees
from Argenx, Eli Lilly, and ReBait; payment or
honoraria for lectures, presentations, speakers’
bureaus, manuscript writing, or educational
events from Werfen and Octapharma; and par-
ticipated on a Data Safety Monitoring Board or
Advisory Board for Horizon, Kezar, Galapagos,
Boehringer, and Octapharma. Elisabeth Clodi
is an employee of Octapharma Pharmazeutika
Produktionsges.m.b.H. Todd Levine is a con-
sultant for FFF Enterprises. Christina Charles-
Schoeman has received grants or contracts
from Pfizer, Bristol Myers Squibb, AbbVie, CSL
Behring, Alexion, and Priovant; consulting fees
from Pfizer, Bristol Myers Squibb, AbbVie, Octa-
pharma, Galapagos, Recludix, and Boehringer
Ingelheim Pharmaceuticals. Sergey Moiseev has
no conflicts of interest to declare.

Ethical Approval. The trial was conducted
in accordance with the Declaration of Helsinki
and Good Clinical Practice guidelines. ProDERM
was approved by the relevant independent eth-
ics committees or institutional review boards,
as listed in the Ethics Committees section of
the Supplementary Material. Each patient pro-
vided written, informed consent before being
exposed to any study-related procedure, includ-
ing screening tests for eligibility [17, 18]. Spe-
cific consent for publication was not provided
as all data in this international study (from 36
European and North American centers) is fully
anonymized.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommercial
4.0 International License, which permits any
non-commercial use, sharing, adaptation, distri-
bution and reproduction in any medium or for-
mat, as long as you give appropriate credit to the
original author(s) and the source, provide a link
to the Creative Commons licence, and indicate
if changes were made. The images or other third
party material in this article are included in the
article’s Creative Commons licence, unless indi-
cated otherwise in a credit line to the material.
If material is not included in the article’s Crea-
tive Commons licence and your intended use is

not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain per-
mission directly from the copyright holder. To
view a copy of this licence, visit http://creativeco
mmons.org/licenses/by-nc/4.0/.

REFERENCES

1. Khoo T, Lilleker JB, Thong BY, Leclair V, Lamb
JA, Chinoy H. Epidemiology of the idiopathic
inflammatory myopathies. Nat Rev Rheumatol.
2023;19(11):695-712.

2. Orphanet. Dermatomyositis. Last updated Feb-
ruary 2021. https://www.orpha.net/en/disease/
detail/221. Accessed Apr 2025.

3. Kronzer VL, Kimbrough BA, Crowson CS, Davis
JM 3rd, Holmqvist M, Ernste FC. Incidence,
prevalence, and mortality of dermatomyositis: a
population-based cohort study. Arthritis Care Res.
2023;75(2):348-55.

4. Chung MP, Paik JJ. Past, present, and future in
dermatomyositis therapeutics. Curr Treatm Opt
Rheumatol. 2022;8(4):71-90.

5. Cho SK, Kim H, Myung ], et al. Incidence and
prevalence of idiopathic inflammatory myopathies
in Korea: a nationwide population-based study. J
Korean Med Sci. 2019;34(8):e55.

6. Ikeda S, Arita M, Misaki K, et al. Incidence and
impact of interstitial lung disease and malignancy
in patients with polymyositis, dermatomyositis,
and clinically amyopathic dermatomyositis: a ret-
rospective cohort study. Springerplus. 2015;4:240.

7. Marie I, Hachulla E, Cherin P, et al. Interstitial
lung disease in polymyositis and dermatomyositis.
Arthritis Rheum. 2002;47(6):614-22.

8. Hervier B, Uzunhan Y. Inflammatory myopathy-
related interstitial lung disease: from pathophysi-
ology to treatment. Front Med. 2019;6:326.

9. Fathi M, Lundberg IE, Tornling G. Pulmonary com-
plications of polymyositis and dermatomyositis.
Semin Respir Crit Care Med. 2007;28(4):451-8.

10. Joint involvement. In: Dermatomyositis. Berlin:
Springer. https://doi.org/10.1007/978-3-540-
79313-7_9. Accessed Apr 2025.

11. Christopher-Stine L, Wan GJ, Kelly W, McGowan
M, Bostic R, Reed ML. Patient-reported dermato-
myositis and polymyositis flare symptoms are

A\ Adis


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.orpha.net/en/disease/detail/221
https://www.orpha.net/en/disease/detail/221
https://doi.org/10.1007/978-3-540-79313-7_9
https://doi.org/10.1007/978-3-540-79313-7_9

Rheumatol Ther (2025) 12:855-871

871

12.

13.

14.

15.

16.

17.

18.

19.

20.

associated with disability, productivity loss,
and health care resource use. ] Manag Care Spec
Pharm. 2020;26(11):1424-33.

Ricci G, Fontanelli L, Torri F, Schirinzi E, Siciliano
G. Fatigue as a common signature of inflamma-
tory myopathies: clinical aspects and care. Clin
Exp Rheumatol. 2022;40:425-32.

Matas-Garcia A, Milisenda JC, Espinosa G, et al.
Gastrointestinal involvement in dermatomyositis.
Diagnostics (Basel). 2022;12(5):1200.

Lundberg IE. The heart in dermatomyositis and
polymyositis. Rheumatology. 2006;45(Suppl
4):iv18-21.

Danko K, Ponyi A, Constantin T, Borgulya G, Sze-
gedi G. Long-term survival of patients with idi-
opathic inflammatory myopathies according to
clinical features: a longitudinal study of 162 cases.
Medicine. 2004;83(1):35-42.

Marie I. Morbidity and mortality in adult polymy-
ositis and dermatomyositis. Curr Rheumatol Rep.
2012;14(3):275-85.

Aggarwal R, Charles-Schoeman C, Schessl J, et al.
Trial of intravenous immune globulin in dermato-
myositis. N Engl ] Med. 2022;387(14):1264-78.

Aggarwal R, Charles-Schoeman C, Schessl J,
Dimachkie MM, Beckmann I, Levine T. Pro-
spective, double-blind, randomized, placebo-
controlled phase III study evaluating efficacy
and safety of octagam 10% in patients with der-
matomyositis (“ProDERM Study”). Medicine.
2021;100(1):e23677.

Aggarwal R, Schessl J, Charles-Schoeman C, et al.
Safety and tolerability of intravenous immuno-
globulin in patients with active dermatomyositis:
results from the randomised, placebo-controlled
ProDERM study. Arthritis Res Ther. 2024;26(1):27.

Myositis disease activity assessment tool (MDAAT),
2005, version 2. https://www.niehs.nih.gov/sites/
default/files/2025-05/myositis_disease_activity_
assessment_tool_2009_pdfat_508.pdf. Accessed
Apr 2025.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Bohan A, Peter JB. Polymyositis and dermato-
myositis (second of two parts). N Engl ] Med.
1975;292(8):403-7.

Bohan A, Peter JB. Polymyositis and dermato-
myositis (first of two parts). N Engl ] Med.
1975;292(7):344-7.

Werth VP, Aggarwal R, Charles-Schoeman C, et al.
Efficacy of intravenous immunoglobulins (IVIg) in
improving skin symptoms in patients with der-
matomyositis: a post-hoc analysis of the ProDERM
study. EClinicalMedicine. 2023;64:102234.

Cassard L, Seraly N, Riegert M, Patel A, Fer-
nandez AP. Dermatomyositis: practical guid-
ance and unmet needs. Immunotargets Ther.
2024;13:151-72.

Charles-Schoeman C, Schessl J, Bata-Csorgo Z,
et al. Predictors of response to intravenous immu-
noglobulin in patients with dermatomyositis:
the ProDERM study. Rheumatology (Oxford).
2025;64(6):3767-76.

Huapaya JA, Hallowell R, Silhan L, et al. Long-
term treatment with human immunoglobulin for
antisynthetase syndrome-associated interstitial
lung disease. Respir Med. 2019;154:6-11.

Wang LM, Yang QH, Zhang L, et al. Intravenous
immunoglobulin for interstitial lung diseases of
anti-melanoma differentiation-associated gene
5-positive dermatomyositis. Rheumatology.
2022;61(9):3704-10.

Labeit B, Pawlitzki M, Ruck T, et al. The impact
of dysphagia in myositis: a systematic review and
meta-analysis. ] Clin Med. 2020;9(7):2150.

Giannini M, Fiorella ML, Tampoia M, et al. Long-
term efficacy of adding intravenous immunoglob-
ulins as treatment of refractory dysphagia related
to myositis: a retrospective analysis. Rheumatol-
ogy. 2020;60(3):1234-42.

Tavel ME. The placebo effect: the good, the bad,
and the ugly. Am ] Med. 2014;127(6):484-8.

A\ Adis


https://www.niehs.nih.gov/sites/default/files/2025-05/myositis_disease_activity_assessment_tool_2009_pdfat_508.pdf
https://www.niehs.nih.gov/sites/default/files/2025-05/myositis_disease_activity_assessment_tool_2009_pdfat_508.pdf
https://www.niehs.nih.gov/sites/default/files/2025-05/myositis_disease_activity_assessment_tool_2009_pdfat_508.pdf

	Efficacy of Intravenous Immunoglobulin for Systemic Manifestations of Dermatomyositis Beyond Muscular and Cutaneous: Sub-analysis of the ProDERM Study
	Abstract
	Introduction: 
	Methods: 
	Results: 
	Conclusion: 
	Trial Registration: 

	Introduction
	Methods
	Ethical Approval
	Patients
	Study Design
	Study Endpoints and Assessments
	Statistical Analyses

	Results
	Study Population
	Spread of MDAAT VAS Scores
	Mean MDAAT VAS Scores Over Time
	Presence of Health Conditions Assessed by MDAAT MITAX
	Severity of Health Conditions Assessed by MDAAT MITAX

	Discussion
	Limitations

	Conclusions
	Acknowledgements 
	References




