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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 
9.4 (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]-a; 
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 
(DMARDs), 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-

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% CIs. 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-MDA5) 
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). 
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At calcinosis diagnosis, 81% of patients 
(51/63) were prescribed immunomodu-
latory agents, and 54% (34/63) were 
prescribed calcium-modifying agents.

Overall, 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 II). 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-MDA5 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, 

Table I. Patient, disease, and treatment characteristics.

Characteristic	 Valuea (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	 9.4 	 (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-MDA5 	 5 (15) 	 (n=33)
Anti-Mi-2 	 3 (7) 	 (n=42)
Anti-NXP2 	 12 (38) 	 (n=32)
Anti-TIF1-g	 5 (14) 	 (n=35)
Anti-U1RNP 	 1 (3) 	 (n=36)

Clinical characteristic at JDM diagnosis	
Calcinosis present	 20 	 (32)
Aggressive treatment of JDMb	 38 	 (60)

Clinical characteristic at calcinosis diagnosis	
Active JDM 	 47 (76) 	 (n=62)
Moderate to severe JDM	 33 	 (52)
Active muscle involvement	 31 	 (49)
Active skin involvement	 51 	 (81)
Background medication(s)c	 41 	 (65)

Treatment after calcinosis diagnosis	
None	 11 	 (17)
Immunomodulatory agent(s)d	 28 	 (44)
Immunomodulatory agent(s) + Calcium-modifying agent(s)	 19 	 (30)
Calcium-modifying agent(s)e	 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-MDA5: anti-melanoma differentiation-associated gene 5; anti-NXP2: anti-nuclear matrix protein 
2; anti-TIF1-γ: anti-transcriptional intermediary factor 1-gamma; anti-U1RNP: anti-U1 ribonucleopro-
tein; DMARDs: disease-modifying anti-rheumatic drugs; IVIG: intravenous immunoglobulin; JDM: 
juvenile dermatomyositis.
aContinuous variables are summarised as median (IQR). Categorical variables are summarised as num-
ber (%).
bDesignates 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.
cIncludes but is not limited to glucocorticoids, immunosuppressants, IVIG, and biologic DMARDs.
dIncludes glucocorticoids, immunosuppressants, non-biologic DMARDs, IVIG, and biologic DMARDs.
eIncludes agents that affect calcium or phosphorus.
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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-MDA5 
autoantibodies was associated with a 
lower yet non-significant likelihood of 
major improvement (Table IV).

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-

Table II. Parameters used to assess treatment response of calcinosisa.

Parameter	 Total no. of visits	 no. of visits with
	 (n=127)	 complete calcinosis 		
		  resolution reported 		
		  (n=14)

Change in history or physical examination findingsb	 122 	(96)	 13 	(93)
Change in patient factorsc	 82 	(65)	 6 	(43)
Change in other calcinosis effectsd	 44 	(35)	 2 	(14)
Change in imaginge	 18 	(14)	 2 	(14)

aData are presented as number (%).
bSize or number, warmth or redness, drainage, and/or texture.
cLevel 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.
eRadiography, magnetic resonance imaging, scintigraphy, computed tomography, and/or ultrasonography.

Fig. 1. Calcinosis improvement after calcinosis diagnosis. A and B, Kaplan-Meier estimates (solid lines) 
with 95% CIs (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.

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.
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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-MDA5. Anti-
MDA5 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-MDA5 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 improvementa

Patient or disease characteristic	 HR (95% CI)b	 p-value	 HR (95% CI)b	 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)	 0.41
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)	 0.43
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-MDA5 	 0.65 	(0.29–1.46)	 .30	 0.67 	(0.26–1.72)	 0.40

Anti-MDA5: anti-melanoma differentiation-associated gene 5; anti-NXP2: anti-nuclear matrix protein 2; HR: hazard ratio; JDM: juvenile dermatomyositis.
a Patients who reportedly reached complete resolution and/or moderate improvement.
b Results are from Cox proportional hazards models adjusted for age, sex, and time. 

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

	 Any improvement	 Major improvementa

Treatment regimen	 HR (95% CI)b	 p-value	 HR (95% CI)b	 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 	(1.10–3.45)	 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

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



396 Clinical and Experimental Rheumatology 2026

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

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 

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-MDA5 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.
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