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Abstract
Objective
We performed a multi-institutional retrospective review of patients treated for juvenile dermatomyositis (JDM)-associated
calcinosis to analyse the association between treatment outcomes and patient, disease, and treatment characteristics.

Methods
Childhood Arthritis and Rheumatology Research Alliance investigators searched their electronic health records for patients
with JDM and calcinosis treated between 2003 and 2019 and analysed data at JDM diagnosis, calcinosis diagnosis, and
calcinosis treatment. Statistical methods included univariable and multivariable analyses, Kaplan-Meier estimates, and
multivariable Cox models.

Results

Data were collected for 63 patients from 11 institutions. Median (IQR) age was 7.8 (4.1-11.1) years at JDM diagnosis and
94 (5.7-13.3) years at calcinosis diagnosis. Calcinosis was present at JDM diagnosis in 32% of patients (n=20). JDM was
active in 76% of patients (47/62) at calcinosis diagnosis. Anti-nuclear matrix protein 2 (anti-NXP2) antibody was the most

commonly detected myositis autoantibody (38%, 12/32). The presence of anti-NXP2 or anti-melanoma differentiation-
associated gene 5 autoantibody did not significantly affect the probability of any calcinosis improvement (p=0.30).
Patients received 103 unique treatment regimens of immunomodulatory agents with or without calcium-modifying agents,
but those who received both had the greatest probability of improvement. Intravenous immunoglobulin (IVIG) was associated
with a significantly higher probability of calcinosis improvement (p=0.02) than treatments without IVIG. Overall, 79% of
patients (n=50) showed improved calcinosis.

Conclusion
Despite wide variations in treatment, many patients showed calcinosis improvement over time, especially those treated
with IVIG. Studies using validated outcomes assessments may be needed to develop effective treatment plans for
JDM-associated calcinosis.
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Introduction

Juvenile dermatomyositis (JDM) is an
autoimmune disease of unknown aeti-
ology characterised by chronic inflam-
mation of striated muscle and skin (1).
JDM is the most common juvenile idio-
pathic inflammatory myopathy. The di-
agnosis of JDM is based on the Bohan
and Peter criteria (2), which consist of
symmetric proximal muscle weakness,
elevated muscle enzyme levels, mus-
cle inflammation on biopsy, distinctive
electromyographic findings, and char-
acteristic skin manifestations (e.g. Got-
tron papules and heliotrope rash). The
European Alliance of Associations for
Rheumatology/American College of
Rheumatology developed classification
criteria for adult and juvenile idiopathic
inflammatory myopathies with a scor-
ing system that can be calculated with
or without biopsy results (3).

A common complication of JDM is
calcinosis, which has a prevalence of
approximately 20% to 40% in different
populations (1, 4-6). Calcinosis is the
dystrophic formation of calcium car-
bonate apatite in the skin or subcuta-
neous tissue, which can lead to muscle
atrophy, skin ulcers, and joint contrac-
tures, resulting in pain, infection, and
disability (1, 7). Consequent changes
in physical appearance can also be
stressful. Calcinosis is often localised
to areas with increased pressure (e.g.
hamstrings), repetitive use (e.g. joints
such as elbows and knees), and trauma.
Although the pathogenesis of calcino-
sis is not well understood, suggested
mechanisms include inflammation
driven by macrophages, proinflamma-
tory cytokines (e.g. interleukin 6, 1, and
18; tumour necrosis factor [TNF]-o;
and interferons), calcium metabolism-
related proteins, and mitochondrial
markers associated with muscle dam-
age (1, 8). Autoantibodies associated
with calcinosis include myositis-asso-
ciated autoantibodies (MAAs) and my-
ositis-specific autoantibodies (MSAs).
In addition, anti-nuclear matrix protein
2 (anti-NXP2) autoantibody has been
associated with an increased risk of
calcinosis (1, 6, 9). Other factors as-
sociated with an increased risk of cal-
cinosis in patients with JDM are pro-
longed duration of untreated disease,

poor control of disease, younger age at
disease onset, abnormal results of nail-
fold capillaroscopy, and race classifica-
tion of Black (10-13).

Historically, no definitive treatment
approach exists for JDM-associated
calcinosis, and most clinical practice
is guided by the results of small obser-
vational studies, case series, and case
reports (7, 14, 15). Various therapies
have been used to treat calcinosis, in-
cluding glucocorticoids, non-biologic
disease-modifying anti-rheumatic drugs
(DMARD:s), intravenous immunoglob-
ulin (IVIG), biologic DMARDs (e.g.
TNF inhibitors, abatacept, and rituxi-
mab), and calcium-modifying agents
(e.g. bisphosphonates, calcium channel
blockers, and sodium thiosulfate) (7,
14-19). Positive outcomes in reducing
the frequency of calcinosis have been
observed after early and intensive treat-
ment with glucocorticoids and/or other
immunosuppressive therapy (16, 17).
A recent study showed that systemic
glucocorticoids administered at lower
doses (median dose, 0.85 mg/kg/d) than
those typically used combined with oth-
er glucocorticoid-sparing agents could
be as effective as using higher, pro-
longed doses of glucocorticoids in con-
trolling underlying moderate to severe
JDM and calcinosis (20). However,
no single agent or therapeutic class of
treatment is universally effective.

In this multi-institutional retrospective
study of patients diagnosed with JDM-
associated calcinosis, we analysed cal-
cinosis treatment outcomes and their
association with patient, disease, and
treatment characteristics.

Methods

Study design

Childhood Arthritis and Rheumatol-
ogy Research Alliance (CARRA) is
a collaborative research network for
paediatric rheumatologists in North
America. CARRA investigators from
11 institutions used billing codes or
clinical terms to retrospectively search
their electronic health records for pa-
tients diagnosed with JDM and calci-
nosis. We included paediatric patients
with both JDM and calcinosis, defined
as those younger than 18 years at the
time of JDM diagnosis per probable or
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definite Bohan and Peter criteria. Pa-
tients were included only if they were
treated between January 1, 2003, and
December 31, 2019, which is the con-
temporary treatment era when biologic
DMARDs became more prevalent and
available to treat JDM (20-24). Patients
were excluded who had another pri-
mary autoimmune disease or overlap
syndrome. This study received exemp-
tion from the Mayo Clinic Institutional
Review Board.

Data collection

Study data were collected and managed
by using REDCap (Research Electronic
Data Capture) hosted at Mayo Clinic
(25, 26). REDCap is a secure, web-
based software platform designed to
support data capture for research stud-
ies. For the collection of retrospective
data, CARRA investigators completed
multiple data collection forms pertain-
ing to patient, disease, and treatment
characteristics at different time points
of disease and/or treatment (See online
Supplementary material). These time
points were at JDM diagnosis, calcino-
sis diagnosis, and calcinosis treatment
response (i.e. when maximal treatment
response was achieved and/or when the
treatment regimen was altered or dis-
continued).

Patient characteristics abstracted in-
cluded self-reported sex assigned at
birth and race and ethnicity (Asian;
Black, African American, African, or
Afro Caribbean; Hispanic, Latino,
or Spanish origin; Middle Eastern or
North African; White; or unknown).
JDM disease characteristics abstracted
included details of JDM disease course
such as age at JDM diagnosis and fol-
low-up visits, MSAs or MAAs present,
and type of disease course (i.e. mono-
cyclic, polycyclic, chronic continuous,
or not applicable for disease duration
<2 years). Other disease characteristics
abstracted included the age at initial
JDM diagnosis, approximate duration
of JDM symptoms before JDM diag-
nosis, and types of treatment provided
for JDM. Types of immunomodulatory
treatments were divided into categories
of glucocorticoids, immunosuppres-
sants, non-biologic DMARDs, IVIG,
and biologic DMARDs. Immunosup-
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pressants included methotrexate, leflu-
nomide, azathioprine, mycophenolate
mofetil, mycophenolic acid, sirolimus,
tacrolimus, thalidomide, lenalidomide,
cyclosporine, hydroxychloroquine,
sulfasalazine, cyclophosphamide, and
colchicine. Non-biologic DMARDs
included tofacitinib, baricitinib, and
ruxolitinib. Biologic DMARDs includ-
ed rituximab, etanercept, infliximab,
adalimumab, certolizumab, golimum-
ab, anakinra, canakinumab, rilonacept,
abatacept, and tocilizumab. At the time
of calcinosis diagnosis, any additional
treatments prescribed specifically for
calcinosis were recorded. These includ-
ed various calcium-modifying agents
that affect calcium or phosphorus, in-
cluding bisphosphonates, vitamin D, vi-
tamin C, calcium-channel blockers, so-
dium thiosulfate, aluminium hydroxide,
warfarin, minocycline, and probenecid.
Calcinosis treatment outcomes were
determined by the subjective review
of a clinician according to abstracted
parameters and were categorised as
complete/total resolution (hereafter,
complete resolution), moderate/signifi-
cant improvement (hereafter, moderate
improvement), mild/partial improve-
ment (hereafter, mild improvement),
unchanged without new lesions, or
worsened calcinosis. Patients who had
moderate improvement or complete
resolution were designated as the ‘ma-
jor improvement’ subgroup. Investiga-
tors reported the maximal calcinosis
treatment response for each medica-
tion that was specifically prescribed to
treat JDM-associated calcinosis. Over-
all JDM disease activity (reported as
muscle strength, muscle enzyme levels,
inflammatory marker levels, skin ex-
amination results, and/or damage in-
dicators) was recorded at initial JDM
diagnosis, calcinosis diagnosis, and
maximal calcinosis treatment response.

Statistical analysis

Patient, disease, and treatment char-
acteristics are summarised as median
(IQR) for continuous variables and as
number (percentage) for categorical
variables. Univariable and multivari-
able Cox models were used to assess
the association between patient, dis-
ease, and treatment factors and out-

comes. Outcomes of interest were any
improvement and major improvement
of calcinosis after treatment. Because
patients underwent multiple treatments
over time, treatment was included as
a time-dependent variable in the Cox
models. Multivariable models were
adjusted for age, sex, and time from
initial JDM diagnosis to calcinosis di-
agnosis. Results from the Cox models
are reported as hazard ratios (HRs)
with 95% ClIs. An HR greater than 1
indicates that the factor is associated
with improvement. The proportion of
patients with improvement was esti-
mated both overall and according to
the initial treatment regimen by using
Kaplan-Meier estimates; data are pre-
sented graphically. When not all data
were available for specific characteris-
tics, complete-case analysis was used.
A p-value less than .05 was considered
statistically significant. All analyses
were performed by using R (v.4.2.2,R
Foundation for Statistical Computing).

Results

Our study included 63 paediatric pa-
tients with JDM-associated calcinosis.
Patient, disease, and treatment charac-
teristics are shown in Table I. The me-
dian (IQR) age at JDM diagnosis was
7.8 (4.1-11.1) years, and the median
symptom duration before diagnosis
was 5 (2-12) months. At calcinosis di-
agnosis, the median age was 9.4 (5.7—
13.3) years, and the median symptom
duration before diagnosis was 2 (1-4)
months. Calcinosis was present at JDM
diagnosis in 32% of patients (n=20).
MAAs and MSAs were screened in
79% of patients (n=50), and 50% of
those (25/50) had positive test results
for a myositis autoantibody. The most
common myositis autoantibody de-
tected was anti-NXP2 (38%, 12/32),
followed by anti-melanoma differenti-
ation-associated gene 5 (anti-MDAYS)
autoantibody (15%, 5/33). Overall,
the most common disease course was
chronic continuous (70%, n=44).

At calcinosis diagnosis, JDM was
considered active in 76% of patients
(47/62), with active skin involvement
in 81% (n=51) and muscle involvement
in 49% (n=31); 65% of patients (n=41)
were taking background medication(s).

Clinical and Experimental Rheumatology 2026
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Table I. Patient, disease, and treatment characteristics.

Characteristic Value?® (n=63)
Age at JDM diagnosis, y 7.8 (4.1-11.1)
Duration of JDM symptoms before JDM diagnosis, mo. 5 (2-12)
Age at calcinosis diagnosis, y 94 (5.7-13.3)
Duration of calcinosis symptoms before calcinosis diagnosis, mo. 2 (1-4)
Sex
Men 18 (29)
Women 45 (71)
Race and ethnicity
Asian 1 (2
Black, African American, African, or Afro Caribbean 12 (19)
Hispanic, Latino, or Spanish origin 17 (27)
Middle Eastern or North African 6 (10)
White 25 (40)
Unknown 2 (3)
JDM disease course
Monocyclic 2 (3)
Polycyclic 10 (16)
Chronic continuous 44 (70)
Not applicable (if <2 years since JDM diagnosis) 7 (11)
Myositis antibody 25 (50) (n=50)
Anti-Jo-1 3(6) (n=47)
Anti-MDAS 5(15) (n=33)
Anti-Mi-2 3(7) (n=42)
Anti-NXP2 12 (38) (n=32)
Anti-TIF1-y 5(14) (n=35)
Anti-UIRNP 1 (3) (n=36)
Clinical characteristic at JDM diagnosis
Calcinosis present 20 (32)
Aggressive treatment of JDM® 38 (60)

Clinical characteristic at calcinosis diagnosis
Active IDM

47 (76) (n=62)

Moderate to severe JDM 33 (52)
Active muscle involvement 31 (49)
Active skin involvement 51 (81)
Background medication(s)* 41 (65)
Treatment after calcinosis diagnosis

None 11 (A7)
Immunomodulatory agent(s)* 28 (44)
Immunomodulatory agent(s) + Calcium-modifying agent(s) 19 (30)
Calcium-modifying agent(s) 5 (8)
Specific type of immunomodulatory agent

Immunosuppressant(s) 30 (48)

IVIG 20 (32)

Biologic DMARDs 4 (6)
Specific type of Calcium-modifying agent

Bisphosphonates 13 (21)
Surgical excision resulting from referral 7 (11)

Anti-MDAS: anti-melanoma differentiation-associated gene 5; anti-NXP2: anti-nuclear matrix protein
2; anti-TIF1-y: anti-transcriptional intermediary factor 1-gamma; anti-U1RNP: anti-U1 ribonucleopro-
tein; DMARDs: disease-modifying anti-rheumatic drugs; IVIG: intravenous immunoglobulin; JDM:

juvenile dermatomyositis.

*Continuous variables are summarised as median (IQR). Categorical variables are summarised as num-

ber (%).

"Designates receiving intravenous methylprednisolone (=2 mg/kg/d) for more than 1 week, and/or
cyclophosphamide, and/or IVIG, and/or rituximab within the first 3 months of JDM diagnosis.
“Includes but is not limited to glucocorticoids, immunosuppressants, IVIG, and biologic DMARDs.
YIncludes glucocorticoids, immunosuppressants, non-biologic DMARDs, IVIG, and biologic DMARDs.

Includes agents that affect calcium or phosphorus.

At calcinosis diagnosis, 81% of patients
(51/63) were prescribed immunomodu-
latory agents, and 54% (34/63) were
prescribed calcium-modifying agents.

Clinical and Experimental Rheumatology 2026

Opverall, a total of 103 unique treatment
regimens were used to treat calcinosis.
Most patients received more than 1 regi-
men with multiple drug combinations.

Calcinosis treatment outcomes were
more often determined on the basis
of history and physical examination
findings (96%, 122/127) than imag-
ing (14%, 18/127) (Table 1I). Kaplan-
Meier estimates showed that calcino-
sis improvement (mild improvement,
moderate improvement, or complete
resolution) occurred in roughly 40% of
patients by 1 year and in approximately
62% of patients by 2 years (Fig. 1A).
By 4 years, 80% of patients showed
calcinosis improvement. Overall, 79%
of patients (n=50) showed improve-
ment: 22% (n=14) had complete reso-
lution, 38% (n=24) had moderate im-
provement, and 19% (n=12) had mild
improvement. When we compared the
different treatment approaches, non-
significant associations were observed
between calcinosis improvement and
treatment regimens with immunomod-
ulatory agents, either alone or com-
bined with calcium-modifying agents
(Table III). IVIG was the only treat-
ment regimen significantly associated
with any improvement (adjusted HR,
1.95 [95% CI, 1.10-3.45]; p=0.02)
(Table III). Patients who received a
combination of immunomodulatory
agents and calcium-modifying agents
had the greatest probability of reaching
improvement (Fig. 2A). Several factors
were studied to determine their poten-
tial influence on the success or degree
of success in treating calcinosis. Either
active JDM with skin involvement at
the time of calcinosis diagnosis or a
positive test result for anti-NXP2 or
anti-MDAS autoantibodies showed a
lower likelihood of calcinosis improve-
ment, although these associations were
not statistically significant (Table IV).

When we repeated this analysis for the
major improvement subgroup, Kaplan-
Meier estimates for major improve-
ment were not substantially lower than
those for any improvement over time
(Fig. 1B). By 4 years, approximately
60% of patients reached major im-
provement, whereas 80% reached any
improvement. Overall, approximately
80% of patients showed major im-
provement. IVIG and immunomodu-
latory therapies, taken with or with-
out calcium-modifying agents, were
associated with major improvement,
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Table II. Parameters used to assess treatment response of calcinosis®.

Parameter Total no. of visits no. of visits with

(n=127) complete calcinosis

resolution reported
(n=14)
Change in history or physical examination findings® 122 (96) 13 (93)
Change in patient factors® 82 (65) 6 (43)
Change in other calcinosis effects? 44 (35) 2 (14)
Change in imaging® 18 (14) 2 (14)

“Data are presented as number (%).

®Size or number, warmth or redness, drainage, and/or texture.

‘Level of pain, range of motion, mobility, cosmesis, quality of life, Childhood Health Assessment
Questionnaire, and/or Depression Anxiety Stress Scale.

dMass effect, contracture, infection, erosion, fistula, lipoatrophy, lipodystrophy, cutaneous atrophy,
and/or sclerosis.

‘Radiography, magnetic resonance imaging, scintigraphy, computed tomography, and/or ultrasonography.

1A. Time to any improvement 1B. Time to major improvement
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Fig. 1. Calcinosis improvement after calcinosis diagnosis. A and B, Kaplan-Meier estimates (solid lines)
with 95% Cls (broken lines) show the percentage of patients with (A) any improvement or (B) major
improvement. Major improvement is defined as complete resolution and/or moderate improvement.
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Fig. 2. Calcinosis improvement by initial treatment regimen. A and B, Kaplan-Meier estimates show
the percentage of patients with (A) any improvement or (B) major improvement according to initial
treatment regimen. Major improvement is defined as complete resolution and/or moderate improvement.

although these associations were not
significant (Table III). Patients who
received immunomodulatory therapy
with concomitant calcium-modifying
agent(s) were the most likely to reach

major improvement (Fig. 2B). The
presence of anti-NXP2 or anti-MDAS
autoantibodies was associated with a
lower yet non-significant likelihood of
major improvement (Table IV).

394

Discussion

Calcinosis is a poorly understood se-
quela of JDM and can lead to infection,
disfigurement, pain, and limited mobil-
ity (1, 7). No standard treatment has
been established for calcinosis, with
possible treatment regimens ranging
broadly from different immunomodu-
latory agents to various calcium-mod-
ifying agents (1, 7, 9, 14). In a multi-
institutional survey, many paediatric
rheumatologists reported limited ex-
perience with treating JDM-associated
calcinosis (14). Here, we performed a
collaborative, multi-institutional study
to improve our understanding of fac-
tors that may affect treatment outcomes
in patients with JDM-associated calci-
nosis. In one of the largest studies of
its kind, we show that most patients
treated for JDM-associated calcinosis
showed partial improvement over time.
In our cohort of 63 patients with JDM-
associated calcinosis, 103 unique treat-
ment regimens were used, including
immunomodulatory agents and calci-
um-modifying agents. Although most
patients showed no improvement within
the first 1 to 2 years of calcinosis treat-
ment, most patients showed some im-
provement by 4 years. Thus, noticeable
improvement may require long-term
treatment. In our sub-analysis of patients
who showed major improvement, more
than 50% of them reached major im-
provement by 3 years. However, many
patients reached major improvement
during follow-up years 3 through 10.
Given our findings that some patients
may require long-term treatment to
reach major improvement, studies using
validated outcomes assessments may be
needed to develop effective treatment
plans for JDM-associated calcinosis.
We found that treatment with IVIG was
significantly associated with improved
calcinosis. According to a CARRA sur-
vey (14) and CARRA Legacy Registry
(27), IVIG was the immunomodula-
tory agent most frequently used for
treating JDM-associated calcinosis.
Furthermore, some published reports
have shown improved refractory cal-
cinosis after IVIG treatments (28, 29).
Although the mechanism of IVIG in
treating JDM-associated calcinosis is
unclear, it could be related to improve-

Clinical and Experimental Rheumatology 2026
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Table III. Multivariable Cox regression analysis of the estimated association between treatment regimen and treatment responses.

Any improvement

Major improvement*

Treatment regimen HR (95% CI)° p-value HR (95% CI)® p-value
None Reference Reference
Immunomodulatory agent(s) 2.57 (0.74-8.96) 0.14 1.98 (0.56-7.01) 0.29
Calcium-modifying agent(s) 1.79 (0.38-8.32) 0.46 1.47 (0.31-6.88) 0.63
Immunomodulatory agent(s) + Calcium-modifying agent(s) 3.08 (0.90-10.55) 0.07 1.51 (0.42-5.42) 0.53
Type of immunomodulatory agent
Immunosuppressant(s) 1.40 (0.78-2.49) 0.26 1.15 (0.60-2.20) 0.67
IVIG 1.95 (1.10-345) 0.02 1.62 (0.84-3.14) 0.15
Biologic DMARDs 1.40 (0.66-3.00) 0.38 1.71 (0.74-3.94) 0.21
Type of Calcium-modifying agent
Bisphosphonates 1.23 (0.67-2.24) 0.51 0.92 (0.45-1.89) 0.82
Surgical excision 0.82 (0.24-2.79) 0.75 0.79 (0.23-9.80) 0.72

DMARD:s: disease-modifying anti-rheumatic drugs; HR: hazard ratio; IVIG: intravenous immunoglobulin.
“Those who reportedly reached complete resolution and/or moderate improvement.
"Results are from Cox proportional hazards models adjusted for age, sex, and time.

ment of underlying inflammation from
JDM (19). Thus, IVIG remains a po-
tentially effective treatment option for
calcinosis and JDM. However, statisti-
cal significance was not observed when
repeat analysis was performed for the
major improvement subgroup, suggest-
ing that IVIG alone may not be suffi-
cient to achieve complete resolution of
calcinosis.

The pathophysiology of calcinosis re-
mains unclear but most likely involves
active inflammation and calcium me-
tabolism. Studies of surgically excised
calcinosis tissue samples have shown
the presence of various immune reac-
tive cells, including macrophages and
monocytes, and the TNF-308A allele,
suggesting the possibility that major
cytokines are involved in JDM-associ-
ated calcinosis (30, 31). The use of cal-

cium-modifying agents is based on the
hypothesis that calcium from muscle
and fibroblasts is involved in calcinosis
formation (19). Our study suggests that
the combination of immunomodulatory
therapy and calcium-modifying agents
has the highest probability of improv-
ing calcinosis, indicating that simulta-
neously targeting different mechanisms
of calcinosis may represent a favour-
able approach for treating calcinosis.

The detection of MSAs and MAAs by
validated laboratories with expertise is
a recommended clinical practice for pa-
tients with newly diagnosed JDM (32).
MSAs are associated with distinct clini-
cal presentations and disease course,
potentially providing prognostic infor-
mation (33, 34). Anti-NXP2 has been
previously associated with and is poten-
tially a risk factor for JDM-associated

calcinosis (1, 6, 9). In our cohort, anti-
NXP2 was the most commonly detected
MSA, followed by anti-MDAS. Anti-
MDAS is associated with interstitial
lung disease and amyopathic JDM, but
its association with calcinosis develop-
ment remains uncertain (35, 36). Pa-
tients in our cohort with positive test re-
sults for anti-NXP2 or anti-MDAS were
shown to have a lower likelihood of a
treatment response than other patients,
but this was not statistically significant.
Additional studies are needed to demon-
strate that patients with these MSAs and
calcinosis may require more aggressive
or unique therapies.

Our study had several limitations. First,
given that this is a retrospective study,
our findings may carry an inherent risk
of recall bias and are subject to the limi-
tations associated with the documenta-

Table IV. Multivariable Cox regression analysis of the estimated association between patient or disease characteristics and treatment

responses.

Any improvement

Major improvement*

Patient or disease characteristic HR (95% CI)® p-value HR (95% CI)® p-value
Patient age at calcinosis diagnosis, per 1-y increase in age 1.06 (0.99-1.13) 0.12 1.03 (0.95-1.11) 0.52
Female sex 1.45 (0.76-2.76) 0.26 1.42 (0.68-2.99) 0.36
Any myositis antibody 1.09 (0.58-2.06) 0.79 1.36 (0.65-2.83) 041
Calcinosis at initial JDM diagnosis 1.95 (0.88-4.33) 0.10 1.21 (0.51-2.91) 0.67
Active JDM at calcinosis diagnosis 1.54 (0.73-3.25) 0.26 1.42 (0.60-3.38) 043
Aggressive treatment of JDM at JDM diagnosis 1.39 (0.78-2.48) 0.26 1.45 (0.74-2.84) 0.28
Moderate to severe JDM at calcinosis diagnosis 1.24 (0.68-2.26) 0.49 1.07 (0.52-2.20) 0.85
Active muscle involvement at calcinosis diagnosis 1.51 (0.80-2.88) 0.21 1.21 (0.59-2.48) 0.60
Active skin involvement at calcinosis diagnosis 0.85 (0.40-1.81) 0.67 1.05 (0.43-2.58) 0.92
Anti-NXP2 or anti-MDAS5 0.65 (0.29-1.46) .30 0.67 (0.26-1.72) 0.40

Anti-MDAS: anti-melanoma differentiation-associated gene 5; anti-NXP2: anti-nuclear matrix protein 2; HR: hazard ratio; JDM: juvenile dermatomyositis.
“Patients who reportedly reached complete resolution and/or moderate improvement.
® Results are from Cox proportional hazards models adjusted for age, sex, and time.
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tion of clinical data by investigators,
who obtained data regarding patient
treatment responses and determined
whether calcinosis improved or wors-
ened. We attempted to decrease selec-
tion bias by searching the electronic
health record for patients treated during
a specific period and by using billing
codes and clinical diagnoses. Second,
although this is one of the largest multi-
institutional studies on JDM-associated
calcinosis, our sample size nonetheless
rendered our study underpowered to de-
tect smaller, potentially clinically mean-
ingful effect sizes. Similarly, because
103 unique treatment regimens were
used for 63 patients, it was difficult to
provide insight into which specific treat-
ment regimens were effective in treating
calcinosis. Sample sizes of treatment
groups were inadequate to compare out-
comes among all observed treatments,
limiting our ability to detect differences
in general. Third, IVIG was signifi-
cantly associated with some degree of
improved calcinosis but not major im-
provement. In this study, the degree of
improvement was physician reported
and largely based on subjective assess-
ment (history and physical examination
findings) rather than objective meas-
ures such as imaging. Thus, an accurate
measure of a “complete” response was
not possible because calcinosis may not
be clinically discernible and may exist
in underlying fascia and muscles. Nota-
bly, a recent study showed the feasibility
of using low-dose-radiation computed
tomography to assess JDM-associated
calcinosis and its progression (37).
Finally, Janus kinase inhibitors such
as tofacitinib and baricitinib to treat
JDM-associated calcinosis have shown
promising results (38-40); however, no
Janus kinase inhibitors were used in
any of our cases, most likely due to the
dates of the study period.

In summary, our study showed that
multiple drug regimens, including im-
munomodulatory and calcium-modify-
ing agents, were used to treat patients
with JDM-associated calcinosis. In
most patients, especially those treated
with IVIG, calcinosis eventually im-
proved, although major improvement
sometimes required several years of
treatment. Patients who received both
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immunomodulatory and calcium-mod-
ifying agents were more likely to im-
prove than those who received other
therapy regimens. In patients screened
for MAAs and MSAs, anti-NXP2 and
anti-MDAS were most commonly de-
tected and associated with a lower but
non-significant likelihood of improve-
ment. Although treatment with IVIG
was significantly associated with im-
provement, its use did not always result
in major improvement or resolution
of calcinosis. Prospective studies and
standardised assessment approaches
are needed to further our understanding
of the relationship between treatment
choices and outcomes in patients with
JDM-associated calcinosis.

Acknowledgments

The Scientific Publications staff at Mayo
Clinic provided editorial consultation,
proofreading, and administrative and
clerical support. The authors acknowl-
edge the Childhood Arthritis and Rheu-
matology Research Alliance (CARRA)
and the ongoing Arthritis Foundation
for the financial support of CARRA.

Competing interests

L. Covert has received reserach grants
through Duke Pediatrics K12, Physi-
cian Strong Star Award and Hartwell
Foundation.

K. Ardalan has served on a scientific
advisory board of Cabaletta Bio, com-
pleted paid consulting for Cabaletta
Bio, serves as the Vice Chair of the
Juvenile Derma-tomyositis Committee
for the Childhood Arthritis & Rheuma-
tology Research Alliance (paid consult-
ant position), received honoraria/travel
reimbursement from the Rheumatology
Research Foundation, honoraria from
the American College of Rheumatol-
ogy, honoraria (paid to institution)
from SingHealth for grant pre-review
program organised by Office of Duke-
NUS Affairs, and receives research
funding from the Rheumatology Re-
search Foundation, Childhood Arthritis
& Rheumatology Research Alliance/
Arthritis Foundation, Chan Zuckerberg
Initiative, Cure JM Foundation, Patient-
Centered Outcomes Research Institute,
and National Institutes of Health/Tech-
nical Resources International.

N. Vasquez-Canizares has received con-
sultancies from Boehringer Ingelheim
for the design of clinical trials in juve-
nile systemic sclerosis, and has received
grants from CARRA to study outcome
measures in juvenile systemic sclerosis.
S. Shenoi has served as a consultant
for Cabaletta. The Seattle Children’s
Myositis Center of Excellence receives
funding from Cure JM Foundation.

S.E. Tarvin has received grant sup-
port from Pfizer, UCB, Roche, Abbvie
and Amgen for site PI role, honoraria
from American College of Rheumatol-
ogy, American Board of Pediatrics and
American Academy of Pediatrics. Edu-
cational grants to institution from Child-
hood Arthritis Rheumatology Research
Foundation, Rheumatology Research
Alliance, and Arthritis Foundation.

The other authors have declared no
competing interests.

References

1. HOELTZEL MF, OBERLE EJ, ROBINSON AB,
AGARWAL A, RIDER LG: The presentation,
assessment, pathogenesis, and treatment of
calcinosis in juvenile dermatomyositis. Curr
Rheumatol Rep 2014; 16(12): 467.
https://doi.org/10.1007/s11926-014-0467-y

2. BOHAN A, PETER JB: Polymyositis and der-
matomyositis (first of two parts). N Engl J
Med 1975; 292(7): 344-7. https://
doi.org/10.1056/nejm197502132920706

3. LUNDBERG IE, TITARNLUND A, BOTTAI M et
al.: 2017 European League Against Rheu-
matism/American College of Rheumatology
classification criteria for adult and juvenile
idiopathic inflammatory myopathies and
their major subgroups. Ann Rheum Dis 2017,
76(12): 1955-64. https://
doi.org/10.1136/annrheumdis-2017-211468

4. CANCARINI P, NOZAWA T, WHITNEY K et al.:
The clinical features of juvenile dermatomy-
ositis: A single-centre inception cohort. Sem-
in Arthritis Rheum 2022; 57: 152104. https://
doi.org/10.1016/j.semarthrit.2022.152104

5. FALLER G, MISTRY BJ, TIKLY M: Juvenile
dermatomyositis in South African children is
characterised by frequent dystropic calcifica-
tion: a cross sectional study. Pediatr Rheu-
matol Online J 2014; 12: 2.
https://doi.org/10.1186/1546-0096-12-2

6. CHUNG MP, RICHARDSON C, KIRAKOSSIAN
D et al.: Calcinosis biomarkers in adult and
juvenile dermatomyositis. Autoimmun Rev
2020; 19(6): 102533.
https://doi.org/10.1016/j.autrev.2020.102533

7. BOULMAN N, SLOBODIN G, ROZENBAUM M,

ROSNER I: Calcinosis in rheumatic diseases.

Semin Arthritis Rheum 2005; 34(6): 805-12.

https://

doi.org/10.1016/j.semarthrit.2005.01.016

. DUVVURI B, PACHMAN LM, HERMANSON P
et al.: Role of mitochondria in the myopathy

oo

Clinical and Experimental Rheumatology 2026



Outcomes of JDM-associated calcinosis / B.Y. Yi et al.

11.

12.

15.

16.

18.

of juvenile dermatomyositis and implications
for skeletal muscle calcinosis. J Autoimmun
2023; 138: 103061.
https://doi.org/10.1016/j.jaut.2023.103061

. KUL CINAR O, PAPADOPOULOU C, PILKING-

TON CA: Treatment of calcinosis in juvenile
dermatomyositis. Curr Rheumatol Rep 2021;
23(2): 13.

https://doi.org/10.1007/s11926-020-00974-9

. NOZAWA T, BELL-PETER A, MARCUZ JA et

al.: Early abnormal nailfold capillary chang-
es are predictive of calcinosis development
in juvenile dermatomyositis. J Rheumatol
2022; 49(11): 1250-55.
https://doi.org/10.3899/jrheum 220249
TSALTSKAN V, ALDOUS A, SERAFI S et al.:
Long-term outcomes in juvenile myositis
patients. Semin Arthritis Rheum 2020; 50(1):
149-55. https:/
doi.org/10.1016/j.semarthrit.2019.06.014
TANSLEY SL, BETTERIDGE ZE, SHADDICK G
et al.: Calcinosis in juvenile dermatomyosi-
tis is influenced by both anti-NXP2 autoanti-
body status and age at disease onset. Rheu-
matology (Oxford) 2014; 53(12): 2204-8.
https://doi.org/10.1093/rheumatology/keu259

. PHILLIPPI K, HOELTZEL M, BYUN ROBIN-

SON A et al.: Race, income, and disease out-
comes in juvenile dermatomyositis. J Pediatr
2017; 184: 38-44.el.
https://doi.org/10.1016/j.jpeds.2017.01.046

. ORANDI AB, BASZIS KW, DHARNIDHARKA

VR et al.: Assessment, classification and treat-
ment of calcinosis as a complication of juve-
nile dermatomyositis: a survey of pediatric
rheumatologists by the childhood arthritis and
rheumatology research alliance (CARRA).
Pediatr Rheumatol Online J 2017; 15(1): 71.
https://doi.org/10.1186/512969-017-0199-4
PINOTTICS,CANNON L,DVERGSTEN JA,WU
EY: Calcinosis in juvenile dermatomyosi-
tis: Updates on pathogenesis and treatment.
Front Med (Lausanne) 2023; 10: 1155839.
https://doi.org/10.3389/fmed.2023.1155839
BOWYER SL, BLANE CE, SULLIVAN DB,
CASSIDY JT: Childhood dermatomyositis:
factors predicting functional outcome and
development of dystrophic calcification. J
Pediatr 1983; 103(6): 882-88. https://
doi.org/10.1016/s0022-3476(83)80706-9

. KIM S, EL-HALLAK M, DEDEOGLU F, ZURA-

KOWSKI D, FUHLBRIGGE RC, SUNDEL RP:
Complete and sustained remission of juve-
nile dermatomyositis resulting from aggres-
sive treatment. Arthritis Rheum 2009; 60(6):
1825-30. https://doi.org/10.1002/art.2457 1
DAVULURI S, DUVVURI B, LOOD C, FAGHIHI-
KASHANI S, CHUNG L: Calcinosis in dermato-
myositis: origins and possible therapeutic av-
enues. Best Pract Res Clin Rheumatol 2022;
36(2): 101768.
https://doi.org/10.1016/j.berh.2022.101768

. RAMANAN AV, CAMPBELL-WEBSTER N, OTA

S et al.: The effectiveness of treating juvenile
dermatomyositis with methotrexate and ag-

Clinical and Experimental Rheumatology 2026

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

gressively tapered corticosteroids. Arthritis
Rheum 2005; 52(11): 3570-78.
https://doi.org/10.1002/art.21378

ORANDI AB, FOTIS L, LAI J et al.: Favorable
outcomes with reduced steroid use in juve-
nile dermatomyositis. Pediatr Rheumatol
Online J 2021; 19(1): 127.
https://doi.org/10.1186/512969-021-00615-0
STRINGER E, BOHNSACK J, BOWYER SL et
al.: Treatment approaches to juvenile der-
matomyositis (JDM) across North America:
The Childhood Arthritis and Rheumatology
Research Alliance (CARRA) JDM Treatment
Survey. J Rheumatol 2010; 37(9): 1953-61.
https://doi.org/10.3899/jrheum.090953
ODDIS CV, REED AM, AGGARWAL R et al.:
Rituximab in the treatment of refractory
adult and juvenile dermatomyositis and adult
polymyositis: a randomized, placebo-phase
trial. Arthritis Rheum 2013; 65(2): 314-24.
https://doi.org/10.1002/art.37754

LAM CG, MANLHIOT C, PULLENAYEGUM
EM, FELDMAN BM: Efficacy of intravenous
Ig therapy in juvenile dermatomyositis. Ann
Rheum Dis 2011; 70(12): 2089-94.
https://doi.org/10.1136/ard.2011.153718
LEVY DM, BINGHAM CA, KAHN PJ, EICHEN-
FIELD AH, IMUNDO LF: Favorable outcome
of juvenile dermatomyositis treated without
systemic corticosteroids. J Pediatr 2010;
156(2): 302-7.
https://doi.org/10.1016/j.jpeds.2009.09.008
HARRIS PA, TAYLOR R, THIELKE R, PAYNE J,
GONZALEZ N, CONDE JG: Research electron-
ic data capture (REDCap) - a metadata-driv-
en methodology and workflow process for
providing translational research informatics
support. J Biomed Inform 2009; 42(2): 377-
81. https://doi.org/10.1016/j.jbi.2008.08.010
HARRIS PA, TAYLOR R, MINOR BL et al.:
The REDCap consortium: Building an in-
ternational community of software platform
partners. J Biomed Inform 2019; 95: 103208.
https://doi.org/10.1016/j.jbi.2019.103208
ORANDI AB, DHARNIDHARKA VR, AL-HAM-
MADI N et al.: Clinical phenotypes and bio-
logic treatment use in juvenile dermatomy-
ositis-associated calcinosis. Pediatr Rheu-
matol Online J 2018; 16(1): 84.
https://doi.org/10.1186/s12969-018-0299-9
GALIMBERTI F, L1 Y, FERNANDEZ AP: Intra-
venous immunoglobulin for treatment of der-
matomyositis-associated dystrophic calcino-
sis.J Am Acad Dermatol 2015;73(1): 174-76.
https://doi.org/10.1016/j.jaad.2015.03.047
TOUIMY M, JANANI S, RACHIDI W, ETAOUIL
N, MKINSI O: Calcinosis universalis compli-
cating juvenile dermatomyositis: improve-
ment after intravenous immunoglobulin ther-
apy. Joint Bone Spine 2013; 80(1): 108-9.
https://doi.org/10.1016/.jbspin.2012.07.001
PACHMAN LM, LIOTTA-DAVIS MR, HONG
DK et al.: TNFalpha-308A allele in juvenile
dermatomyositis: association with increased
production of tumor necrosis factor alpha,

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

disease duration, and pathologic calcifica-
tions. Arthritis Rheum 2000;43(10): 2368-77.
https://doi.org/10.1002/1529-0131(200010)
43:10<2368::aid-anr26>3.0.co;2-8
MAMYROVA G, O’HANLON TP, SILLERS L
et al.: Cytokine gene polymorphisms as risk
and severity factors for juvenile dermatomy-
ositis. Arthritis Rheum 2008; 58(12): 3941-
50. https://doi.org/10.1002/art.24039
BELLUTTI ENDERS F, BADER-MEUNIER B,
BAILDAM E et al.: Consensus-based recom-
mendations for the management of juvenile
dermatomyositis. Ann Rheum Dis 2017,
76(2): 329-40. https://
doi.org/10.1136/annrheumdis-2016-209247
BIDDLE K, TAYLOR MD, LINSTEAD SE,
KIELY PDW: The utility of myositis specific
antibodies in clinical practice. J Appl Lab
Med 2022;7(5): 1189-201.
https://doi.org/10.1093/jalm/jfac038
PAPADOPOULOU C, CHEW C, WILKINSON
MGL, MCCANN L, WEDDERBURN LR: Ju-
venile idiopathic inflammatory myositis: an
update on pathophysiology and clinical care.
Nat Rev Rheumatol 2023; 19(6): 343-62.
https://doi.org/10.1038/s41584-023-00967-9
TANSLEY SL, BETTERIDGE ZE, GUNAWAR-
DENA H et al.: Anti-MDAS autoantibodies
in juvenile dermatomyositis identify a dis-
tinct clinical phenotype: a prospective cohort
study. Arthritis Res Ther 2014; 16(4): R138.
https://doi.org/10.1186/ar4600

ALLENBACH Y, UZUNHAN Y, TOQUET S et al.:
Different phenotypes in dermatomyositis as-
sociated with anti-MDAS antibody: study of
121 cases. Neurology 2020; 95(1): ¢70-e78.
https:/
doi.org/10.1212/wnl.0000000000009727
CERVANTES BA, GOWDA P, RIDER LG,
MILLER FW, CHEN MY, SCHIFFENBAUER
A: Development of a computed tomography
calcium scoring technique for assessing calci-
nosis distribution, pattern and burden in der-
matomyositis. Rheumatology (Oxford) 2024;
63(1): 58-63. https://
doi.org/10.1093/rheumatology/kead256
SHNEYDERMAN M, AHLAWAT S, CHRIS-
TOPHER-STINE L, PAIK JJ: Calcinosis in
refractory dermatomyositis improves with
tofacitinib monotherapy: a case series. Rheu-
matology (Oxford) 2021; 60(11): e387-¢388.
https://
doi.org/10.1093/rheumatology/keab421
WENDEL S, VENHOFF N, FRYE BC et al.:
Successful treatment of extensive calcifica-
tions and acute pulmonary involvement in
dermatomyositis with the Janus-Kinase in-
hibitor tofacitinib - A report of two cases.
J Autoimmun 2019; 100: 131-6.
https://doi.org/10.1016/j.jaut.2019.03.003
SOZERI B, DEMIR F: A striking treatment
option for recalcitrant calcinosis in juvenile
dermatomyositis: tofacitinib citrate. Rheu-
matology (Oxford) 2020; 59(12): e140-e41.
https://doi.org/10.1093/rheumatology/keaa360

397



