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Pilot Study of the Juvenile Dermatomyositis Consensus 
Treatment Plans: A CARRA Registry Study
Kuan Liu1, George Tomlinson2, Ann M. Reed3, Adam M. Huber4, Olli Saarela5,  
Sharon M. Bout-Tabaku6, Megan Curran7, Jeffrey A. Dvergsten8, Barbara A. Eberhard9,  
Lawrence K. Jung10, Susan Kim11, Sarah Ringold12, Kelly A. Rouster-Steven13, Melissa Tesher14,  
Dawn M. Wahezi15, and Brian M. Feldman1, for the CARRA Registry Investigators

ABSTRACT. Objectives. To determine the feasibility of comparing the Childhood Arthritis and Rheumatology Research 
Alliance (CARRA) consensus treatment plans (CTP) in treating moderate new-onset juvenile dermatomy-
ositis ( JDM) using the CARRA registry, and to establish appropriate analytic methods to control for con-
founding by indication and missing data.

 Methods. A pilot cohort of 39 patients with JDM from the CARRA registry was studied. Patients were 
assigned by the treating physician, considering patient/family preferences, to 1 of 3 CTP: methotrexate 
(MTX) and prednisone (MP); intravenous (IV) methylprednisolone, MTX, and prednisone (MMP); or IV 
methylprednisolone, MTX, prednisone, and IV immunoglobulin (MMPI). The primary outcome was the 
proportion of patients achieving moderate improvement at 6 months under each CTP. Statistical methods 
including multiple imputation and inverse probability of treatment weighting were used to handle missing 
data and confounding by indication.

 Results. Patients received MP (n = 13), MMP (n = 18) and MMPI (n = 8). Patients in all CTP had signif-
icant improvement in disease activity. Of the 36 patients who remained in our pilot study at 6 months, 16 
(44%) of them successfully achieved moderate improvement at 6 months (6/13, 46% for MP; 7/15, 47% for 
MMP; 3/8, 38% for MMPI). After correcting for confounding, there were no statistically significant pair-
wise differences between the CTP (P = 0.328–0.88).

 Conclusion. We gained valuable experience and insight from our pilot study that can be used to guide the 
design and analysis of comparative effectiveness studies using the CARRA registry CTP approach. Our ana-
lytical methods can be adopted for future comparative effectiveness studies and applied to other rare disease 
observational studies.
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Juvenile dermatomyositis ( JDM) is a rare, inflammatory myo p-
athy and chronic multisystem disease that occurs in childhood. 
The estimated incidence is approximately 2–4 per million chil-
dren in North America1,2,3,4. Children and adolescents with JDM 
often have long periods of active disease that increase their risk of 
skin and muscle damage, impair quality of life, and lead to poor 
physical function.
 Treatment goals for managing JDM are to achieve inactive 
disease, prevent functional limitations, and prevent growth 
disturbance. Common treatment options for newly diagnosed 
patients with JDM include corticosteroids with the addition of 
methotrexate (MTX) or cyclosporine. There is also great interest 
in alternative and adjunctive therapies, such as intravenous 
immunoglobulin (IVIG)4,5,6,7. Due to the rarity of JDM, there 
are very few published randomized controlled trials (RCT) in 
JDM comparing multiple treatment options8. Retrospective 
observational JDM studies have been small. The resultant lack 
of systematic evidence to provide generalizable clinical guid-
ance has likely contributed to the observed variation in JDM 
treatment9,10.
 To address the pressing need for evidence upon which to 
guide therapy, the Childhood Arthritis and Rheumatology 
Research Alliance (CARRA) developed consensus treatment 
plans (CTP) for several rare pediatric rheumatic diseases, 
including JDM, and established the CARRA registry. The 
JDM CTP were designed to reflect current practice in 
treating new onset JDM and to facilitate large CTP-based 
observational comparative effectiveness research using the 
CARRA registry11,12,13. Three CTP for the initial treatment 
of moderate JDM were developed at a CARRA consensus 
conference on December 1–2, 2007, in Toronto, Ontario, 
Canada. The methods used to determine CARRA JDM 
CTP in treating moderate new-onset JDM are documented 
and outlined in previous publications11,12. Clinicians regis-
tering patients with new-onset JDM in the CARRA registry 
indicated the initiation of 1 of the following CTP: (1) MP 
(MTX and prednisone); (2) MMP (IV methylprednisolone, 
MTX, and prednisone); and (3) MMPI (IV methylprednis-
olone, MTX, prednisone, and IVIG). 
 Unlike randomization in clinical trials, CTP treatment 
assignment in the registry follows a nonrandom process based on 
clinical preference together with patients’ and caregivers’ prefer-
ence. As a result, selection bias and confounding by indication 
may complicate comparisons of outcomes between CTP. It has 
been shown, for example, that adjunctive IVIG recipients display 
greater disease activity at baseline compared to controls14,15. 
Other methodological challenges arose from the small sample 
size and missing data, which are common issues in rare disease 
registry studies.
 The objectives of this pilot study were 2-fold: (1) to deter-
mine the feasibility of conducting comparative effective-
ness research on CARRA CTP using the CARRA registry; 
and (2) to establish statistical methods for use in similar  
future studies to safeguard accurate inference on treatment 
efficacy. 

MATERIALS AND METHODS
Study population. Our pilot study followed a prospective observational 
design. Patients with an onset of JDM (probable or definite) after 1 year of 
age and prior to, or at, 16 years of age, who displayed typical rash, muscle 
weakness, and clinical evidence of myositis, and who had a physician 
global assessment (PGA) of moderate JDM (on a 3-category scale of mild, 
moderate, or severe disease) determined by the treating rheumatologist, were 
eligible to be enrolled in our pilot JDM CTP study. Patients with severe 
disability who had evidence of parenchymal lung disease, gastrointestinal 
vasculitis, other autoimmune or mimicking disease, and central nervous 
system disease; who were under the intensive care unit management; who 
were pregnant; or who displayed, at onset, aspiration or dysphagia, skin 
ulcerations, medication contradiction, myocarditis and significant calci-
nosis, were not enrolled in our pilot CTP study.
 The first visit at which a patient met the inclusion criteria, and was 
assigned to 1 of the 3 CTP, was regarded as the baseline visit. Follow-up 
visits were scheduled at 1 month, 2 months, and 6 months, in accordance 
with the CTP protocols and routine care. 
 Ethics approval and consent for participation of the CARRA registry 
were obtained from the Duke University IRB (#Pro00054616) and at all 
participating site IRB/REB.
CTP. CTP were assigned at the baseline visit by the treating rheumatolo-
gist by collaborative decision making with the patient and parents. Parent 
and patient preferences, such as those for oral administration of medication, 
were recorded. The CARRA pilot CTP protocols for the first 2 months 
and beyond were previously published11,12. As the CTP were developed to 
represent current practice in treating new-onset JDM within the JDM care 
provider community in North America, and assignment was by patient and 
physician preference, no additional consent was required from patients and 
caregivers beyond written consent (with or without verbal assent as appro-
priate) to take part in CARRA registry studies.
Clinical assessments. The primary outcome was the proportion of patients 
achieving moderate improvement at 6 months following the validated 
response criteria by Aggarwal, et al16. Patients achieved moderate improve-
ment at 6 months if their total improvement scores at 6 months compared 
to baseline were ≥ 45. The total improvement score at 6 months was calcu-
lated based on the absolute percentage change of the following 4 core JDM 
measurements: the Childhood Myositis Assessment Scale (CMAS) score 
(0 = worst; 52 = best), the Childhood Health Assessment Questionnaire 
(CHAQ) index (0  = best; 3  = worst), PGA scale score (0  = no activity; 
10 = maximum activity; minimal activity ≤ 3.5) and patient/subject global 
overall well-being score (0  = very well; 10  = very poor; minimal activity 
≤  2.5)16,17,18. The validated improvement score point scale16 was defined 
using 6 core JDM measurements with values ranging from 0 (no improve-
ment) to 100 (maximum improvement). Since only 4 of the 6 core measure-
ments were collected in the pilot data, the total improvement score in this 
study ranged from 0 (no improvement) to 72.5 (maximum improvement). 
 Long-term response outcomes such as clinical inactive disease, disease 
flare, and steroid dosage/tapering were not considered due to the limited 
follow-up window in this feasibility study. Disease- and treatment-related 
serious adverse events based on the Common Terminology Criteria for 
Adverse Events (CTCAE v4.0) were documented as part of the safety assess-
ment, including but not limited to death, life-threatening conditions that 
require hospitalization, and severe disability.
Statistical methods. Descriptive analyses for baseline characteristics were 
carried out by CTP groups to assess the imbalance in patient characteris-
tics between CTP and the diversity in CTP choice. For continuous vari-
ables, means with SD were provided. For categorical variables, frequency 
counts and percentages were provided. Standardized differences were 
recorded for each pairwise treatment comparison at baseline (MP vs MMP, 
MP vs MMPI, and MMP vs MMPI). A standardized difference > 0.2 was 
considered a meaningful and substantial difference between 2 treatments19. 
Kruskal-Wallis tests were used compare the 4 core JDM measurements at 6 
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months, the corresponding absolute change in values from baseline, and the 
total improvement score at 6 months between CTP. Fisher exact test was 
used to compare the proportion of patients achieving moderate improve-
ment at 6 months between CTP. Patients who were lost to follow-up prior 
to 6 months were included in the baseline and CTP assignment assess-
ments but excluded from the primary outcome analysis (however, they 
were included as nonresponders in a sensitivity analysis). The percentages 
of missing information both overall and by treatment group were reported. 
Multiple imputation with 20 imputed datasets was performed, including 
all baseline variables, CTP group, and the 4 core JDM measurements at 6 
months20. 
 Propensity score (PS) analysis was conducted to control for confounding 
imbalance between CTP post imputation. Study subjects were weighted by 
the inverse of the estimated PS obtained from generalized boosted models 
(GBM)21. Seven baseline covariates were included in the GBM model: 
age, sex, site location, baseline CMAS score, baseline CHAQ index, 
baseline PGA score, and baseline parent/patient overall well-being score. 
Imbalances in selected baseline variables, before and after weighting, were 
examined and extreme inverse-probability of treatment weights (IPTW 
value ≥  10) were evaluated. An IPTW-weighted generalized estimating 
equation (IPTW-GEE) was used to estimate the pairwise average treat-
ment effects on the primary outcome, while adjusting for baseline age and 
the 4 core baseline JDM measurements. Pooled OR20 and 95% CI were 
reported. Sensitivity analysis on missing data was conducted using only 
the complete data, where the baseline and 6-month measures of all 4 JDM 
measurements were not missing. We conducted another sensitivity analysis 
on loss to follow-up, where patients who were lost to follow-up prior to 6 
months were identified as nonresponders (i.e., failed to achieve moderate 
improvement at 6 months). Sample size and power calculations were also 
included. Additional description of the statistical methods can be found in 
the Supplementary Data 1 (available with the online version of this article). 
All statistical analyses were conducted using R software (version 3.4.3, R 
Foundation for Statistical Computing). 

RESULTS
Study population. The pilot cohort included 39 patients from 12 
CARRA clinical sites enrolled between August 2011 and April 
2015 (Figure 1). Of these, 13 patients received MP, 18 patients 
received MMP, and 8 patients received MMPI. Three MMP recip-
ients were lost to follow-up prior to 6 months. The majority of the 
patients were female (64.1%) with an average age at baseline of 
7.7 years (± 4.1). Clear differences in age at enrollment, sex, treat-
ment site, and physician- and patient-reported disease activity 
at baseline were observed, indicating an imbalanced baseline 
profile between CTP groups (Table 1). In particular, MMPI was 
not prescribed at any Canadian CARRA sites, MMPI patients 
were significantly older (9.4 ± 4.7 yrs of age), and had the highest 
baseline CHAQ disability index (2.0 ± 1.0) and the lowest base-
line CMAS score (24.6 ± 15.2) at enrollment, indicating a more 
severe disease onset. There were also noticeable differences in the 
baseline American College of Rheumatology functional class, 
the PGA score, and the parent/patient global overall well-being 
score between treatments, with patients receiving MP observed 
to be healthier in terms of physician- and patient-reported scores 
compared to the other 2 groups.
CTP. CTP assignment at baseline varied between sites, with 
only 2 sites using all 3 CTP and 3 sites (sites 4, 7, and 10) 
with more than 1 patient exclusively using only 1 of the CTP 
(Figure 2). Three patients (along with their caregivers) expressed 

preference for oral administration and were prescribed with MP 
by the treating rheumatologists. Supplementary Figure 1 (avail-
able with the online version of this article) shows the recorded 
reasons for the initial CTP selection. The majority of patients 
received the chosen CTP because it was considered the best 
treatment option (24/39, 61.5%).
Outcomes. Improvements on each of the 4 core JDM measure-
ments were also observed with an average 18.3-unit increase in 
CMAS score, 1.2-unit decrease in CHAQ index, 4-unit decrease 
in physician global disease activity assessment score, and 2.8-unit 
improvement in parent/patient global overall well-being disease 
activity score (Table 2; Supplementary Figure 2, available with 
the online version of this article).  The overall mean 6-month 
total improvement score of the 23 cases with no missing base-
line or outcome data (10 for MP, 9 for MMP, and 4 for MMPI; 
Figure  1) was 60.3 (± 15.6 SD). Among the 36 patients who 
remained in our pilot study at 6 months, 16 patients (16/36 
44.4%) achieved moderate improvement at 6 months (6/13, 
46.2% for MP; 7/15, 46.7% for MMP; and 3/8, 37.5% for 
MMPI). With no adjustment for baseline covariates and missing 
data, MMP recipients had the most improvement compared to 
MP and MMPI recipients. There were no reports of severe or 
life-threatening adverse events for any of the 39 patients during 
the observed study window. 
Missing data. The majority of patients had no more than 1 missing 
baseline covariate (31/39, 79.5%; 12 for MP, 13 for MMP, and 
6 for MMPI). All 36 patients who remained in the study at 6 
months had at least 1 of the 4 core JDM measurements present, 
and the majority of patients had at least 3 out of the 4 core JDM 
measurements present (29/36, 80.1%; 11 for MP, 12 for MMP, 
and 6 for MMPI). However, only 23 patients had no missing 
baseline covariates as well as the 4 core JDM measurements at 
6 months. The 20 postimputation datasets retained similar data 
structures as the preimputation dataset (Supplementary Tables 1 
and 2, available with the online version of this article). 
Analysis. The estimated 3 pairwise treatment contrasts on 
achieving moderate improvement at 6 months are shown in 
Table 3. Based on the adjusted IPTW-GEE model, compared 
to MP recipients, MMP recipients had 3.28-times higher odds 
of achieving moderate improvement at 6 months (95%  CI 
0.10–108.59; P = 0.506). Compared to MP recipients, MMPI 
recipients had 4.16-times higher odds of achieving moderate 
improvement at 6 months (95% CI 0.24–72.39; P = 0.328). 
Between MMP and MMPI recipients, the odds of achieving 
moderate improvement at 6 months were 1.27-times higher for 
MMPI patients (95% CI 0.06–27.86; P = 0.88).
 All 3 models (unadjusted and unweighted, unadjusted 
weighted, and adjusted weighted GEE models) yielded similar 
findings. No extreme IPTW estimated by the GBM model were 
identified. Although 3 baseline covariates remained unbalanced 
after IPTW adjustment (including baseline age, CMAS score, 
and PGA score), all baseline covariates in the GBM PS model 
had reduced their mean pairwise standardized differences after 
weighting (Supplementary Figure 3, available with the online 
version of this article), which indicates an adequate adjustment 
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Figure 1. Flow diagram of the pilot CARRA juvenile dermatomyositis CTP cohort partici-
pants. CARRA: Childhood Arthritis and Rheumatology Research Alliance; CTP: consensus 
treatment plan; MMP: methylprednisolone, methotrexate, and prednisone; MMPI: methyl-
prednisolone, methotrexate, prednisone and intravenous immunoglobulin; MP: methotrexate 
and prednisone.

Table 1. Demographics and clinical measurements at baseline.

  Overall MP MMP MMPI  Standardized Difference*  

  N = 39 n = 13 n = 18 n = 8 MP  MP  MMP 
      vs MMP vs MMPI vs MMPI

Age, yrs 7.7 ± 4.1 6.7 ± 3.0 7.7 ± 4.5 9.4 ± 4.7 0.27 0.68 0.36
Sex, female 25 (64.1) 10 (76.9) 11 (61.1) 4 (50) 0.35 0.58 0.23
Location, USA 33 (84.6) 9 (69.2) 16 (88.9) 8 (100) 0.50 0.94 0.5
Location, Canada 6 (15.4) 4 (30.8) 2 (11.1) 0 (0)   
CMAS score 28.6 ± 13.5 35 ± 11.4 25.4 ± 13.5 24.6 ± 15.2 0.77 0.77 0.06
 Missing 10 (25.6) 3 (23.1) 4 (22.2) 3 (37.5)   
CHAQ index 1.5 ± 1.0 1.2 ± 1.0 1.5 ± 1.1 2.0 ± 1.0 0.32 0.81 0.47
 Missing 8 (20.5) 1 (7.7) 5 (27.8) 2 (25)   
Physician global score 5.7 ± 1.6 4.8 ± 1.5 6.2 ± 1.7 5.9 ± 1.2 0.86 0.74 0.24
 Missing 1 (2.6) 0 (0) 1 (5.6) 0 (0)   
Parent/patient global score 5.8 ± 2.4 4.6 ± 2.4 6.5 ± 2.0 6.8 ± 2.6 0.89 0.91 0.13
 Missing 8 (20.5) 1 (7.7) 5 (27.8) 2 (25)   
ACR function class       
 I & II 16 (41.0) 9 (69.2) 4 (22.2) 3 (37.5) 1.07 0.69 0.38
 III 12 (30.8) 2 (15.4) 7 (38.9) 3 (37.5)   
 IV 11 (28.2) 2 (15.4) 7 (38.9) 2 (25)   
Gottron sign or heliotrope 36 (92.3) 13 (100) 17 (94.4) 6 (75) 0.34 0.82 0.56
Malar or facial erythema 32 (82.1) 10 (76.9) 15 (83.3) 7 (87.5) 0.16 0.28 0.12
Shawl sign 7 (17.9) 2 (15.4) 3 (16.7) 2 (25) 0.04 0.24 0.21
Periungual telangiectasia 31 (79.5) 8 (61.5) 16 (88.9) 7 (87.5) 0.67 0.62 0.04
Contractures 8 (20.5) 2 (15.4) 3 (16.7) 3 (37.5) 0.04 0.52 0.48

Means ± SD were reported for continuous baselines, and frequency (%) was reported for categorical baselines and missing data. * A standardized difference > 0.2 
was considered a meaningful and substantial difference between 2 treatment groups. ACR function class: American College of Rheumatology classification of 
global functional status in rheumatoid arthritis [class I = able to perform usual activities of daily living (self-care, vocational, and avocational); class II = able to 
perform usual self-care and vocational activities, but limited in avocational activities; class III = able to perform usual self-care activities but limited in vocational 
and avocational activities; class IV = limited in ability to perform usual self-care, vocational, and avocational activities]; CHAQ: Childhood Health Assessment 
Questionnaire Disability Index; CMAS: Childhood Myositis Assessment Scale score; MMP: methylprednisolone, methotrexate, and prednisone; MMPI: 
methylprednisolone, methotrexate, prednisone, and intravenous immunoglobulin; MP: methotrexate and prednisone.
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of these potential confounders. We found no difference in the 
estimated pairwise treatment contrasts comparing the model 
results obtained with the imputed dataset of patients who had 
some missing data (n = 36) to those with complete data at base-
line and 6 months (n = 23; Supplementary Table 3). We found a 
slight decrease in the estimated effectiveness of MMP compared 
to MP and MMPI within the complete cohort (n =  39) in 
sensitivity analysis, but this was not statistically significant 
(Supplementary Table 4). 
Sample size and power. A simple, simulated power calculation 
was conducted with total sample sizes of 180 (65 MP, 75 MMP, 
and 40 MMPI) and 360 (130 MP, 150 MMP, and 80 MMPI), 
using IPTW generalized linear regression on the primary 
outcome, achieving moderate improvement at 6 months from 
baseline. We considered 3 values for the true probability of 
achieving moderate improvement at 6 months: 0.5, 0.65, and 
0.8. Assigning these values to each CTP yielded pairwise differ-
ences on the probability of achieving moderate improvement at 
6 months at 15% and 30%. We considered a moderate separa-
tion/imbalance between the PS distributions of MP, MMP and 
MMPI (a ratio of MP to MMP to MMPI at 0.35:0.4:0.25 as 
the mean of the 3 PS distributions). Four statistical hypothesis 
tests were considered, including the null hypothesis of equal 
probability of achieving moderate improvement at 6 months 
in all CTP versus at least 1 group difference, and 3 pairwise 

Figure 2. CTP assignment at baseline by CARRA sites. CARRA: Childhood 
Arthritis and Rheumatology Research Alliance; CTP: consensus treatment 
plan; MMP: methylprednisolone, methotrexate and prednisone; MMPI: 
methylprednisolone, methotrexate, prednisone and intravenous immuno-
globulin; MP: methotrexate and prednisone.

Table 2. Study outcomes by treatment group of the 36 patients who remained in the pilot study at 6 months.

  Overall, 
  N = 36 MP, n = 13 MMP, n = 15 MMPI, n = 8 P
     
Outcomes at 6 mos, mean ± SD     
CMAS score 48.2 ± 4.6 49.0 ± 4.4 48.1 ± 4.7 47.0 ± 5.4 0.834
 Missing 11 (30.6) 3 (23.1) 5 (33.3) 3 (37.5) 
CHAQ index 0.2 ± 0.3 0.3 ± 0.4 0.2 ± 0.3 0.4 ± 0.4 0.278
 Missing 5 (13.9) 2 (15.4) 2 (13.3) 1 (12.5) 
PGA score 1.5 ± 1.1 1.5 ± 1.5 1.6 ± 0.7 1.4 ± 1.1 0.947
 Missing 3 (8.3) 2 (15.4) 0 (0) 1 (12.5) 
Parent/patient global overall well-being score 2.7 ± 2.7 2.2 ± 2.3 2.8 ± 3.4 3.3 ± 2.2 0.5
 Missing 6 (16.7) 2 (15.4) 3 (20) 1 (12.5) 
Absolute changes (Δ) in outcomes between 6 mos and baseline, mean ± SD     
CMAS score (Δ) 18.3 ± 13.2 13.3 ± 11.1 22.7 ± 13.7 19.8 ± 15.7 0.321
 Missing 12 (33.3) 3 (23.1) 5 (33.3) 4 (50) 
CHAQ index (Δ) –1.2 ± 1.0 –0.9 ± 1.1 –1.4 ± 1.0 –1.6 ± 0.9 0.563
 Missing 9 (25) 2 (15.4) 5 (33.3) 2 (25) 
PGA score (Δ) –4.0 ± 1.8 –3.1 ± 2.2 –4.6 ± 1.6 –4.1 ± 0.9 0.045
 Missing 4 (11.1) 2 (15.4) 1 (6.7) 1 (12.5) 
Parent/patient global overall well-being score (Δ) –2.8 ± 4.0 –2.4 ± 4.0 –2.5 ± 4.7 –4.2 ± 2.9 0.717
 Missing 9 (25) 2 (15.4) 5 (33.3) 2 (25) 
Improvement at 6 months from baseline     
Total improvement score, mean ± SD 60.3 ± 15.6 56.1 ± 17.7 66.4 ± 12.2 58.3 ± 16.6 0.435
 Missing 13 (36.1) 3 (23) 6 (40) 4 (50) 
Achieved moderate improvement* 16 (44.4) 6 (46.2) 7 (46.7) 3 (37.5) 0.836
Not achieved 7 (19.4) 4 (30.8) 2 (13.3) 1 (12.5) 
 Missing 13 (36.1) 3 (23) 6 (40) 4 (50) 

* Patients achieved moderate improvement at 6 months from baseline if the total improvement score was ≥ 45. CHAQ: Childhood Health Assessment 
Questionnaire Disability Index; CMAS: Childhood Myositis Assessment Scale score; MMP: methylprednisolone, methotrexate, and prednisone; MMPI: 
methylprednisolone, methotrexate, prednisone, and intravenous immunoglobulin; MP: methotrexate and prednisone; PGA: physician global assessment. 
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comparisons on the equivalency of the probability of achieving 
moderate improvement at 6 months between the 3 CTP. A total 
of 1000 iterations of datasets were simulated. With a type 1 error 
at 0.05, the overall power was obtained by chi-square tests, with 
the percentage of iterations achieving a P value <  0.05. The 3 
pairwise powers were obtained using t tests, with the percentage 
of iterations achieving a P value <  0.0167 (with a Bonferroni 
correction at 3 degrees for multiple testing). Table 4 shows the 
calculated power for sample sizes of 180 and 360. With the 
5-fold increase in sample size to 180, we observed a minimum 
81% power to successfully detect an overall significant differ-
ence in the probability of achieving moderate improvement at 
6 months between CTP. For a sample size of 360, an increase in 
power was shown across settings.

DISCUSSION
Our pilot study provided valuable experience and insight into 
the feasibility of comparing the 3 standardized CARRA CTP 
for managing patients with moderate new-onset JDM using the 
CARRA registry. In this pilot study, we identified diversity in 
CTP assignment and found some evidence that patients who 
received MMP and MMPI as the initial treatment for moderate 
JDM had better odds of achieving short-term moderate improve-
ment compared to MP recipients after confounding adjustment. 
However, we were unable to make conclusions about the clin-
ical effectiveness of the 3 CTP from our pilot study due to issues 
including small sample size, missing data, and unmeasured clin-
ical responses. It was not the intent or expectation of our pilot 
study to provide evidence on clinical effectiveness, but to gather 
knowledge and experience in preparation for analyzing the even-
tual, full CARRA JDM registry. 

 Future studies will need to be larger. The 12 pilot clinical 
sites participated in the CARRA JDM CTP study at different 
times over the 4-year enrollment window, which resulted in slow 
enrollment. There are currently 68 CARRA registry sites across 
North America, thus a larger and quicker enrollment number is 
anticipated for future studies. As of November 2019, there were 
153 patients with JDM enrolled in the CARRA registry (with 
enrollment beginning February 2018). A simple sample size 
and power calculation revealed that, with a sample size of 180 
and moderate separation between the PS distributions of the 
CTP, there is an excellent chance of detecting an overall signif-
icant difference between CTP for achieving at least short-term 
moderate improvement. 
 The CARRA JDM registry captured a rich collection of 
demographic and clinical information; however, missing base-
line information and missing follow-up core clinical measure-
ments were observed. This demonstrates the need for better data 
collection at an administrative level. Significant efforts to reduce 
missing data are in place now across CARRA sites, including 
but not limited to bi-weekly/monthly reminders of data entry 
to all site coordinators, and the promotion of additional means 
of communication between patients/families, physicians, and 
administrative data personnel22. On the analytical front, appro-
priate statistical methods to handle missing data, such as multiple 
imputation and sensitivity analysis on missing data, should be 
considered, as well as a thorough investigation into the reasons 
for and patterns of missing data to minimize bias.
 In our pilot study, long-term clinical responses were not 
assessed due to a short follow-up period. The assessment of 
long-term outcomes, especially clinically inactive disease, will 
be of primary interest in future larger and longer CARRA JDM 

Table 3. Generalized estimating equation (GEE) models to assess pairwise treatment effect OR on achieving moderate improvement at 6 months between CTP, 
after multiple imputation of the 36 patients who remained in the pilot study at 6 months.

 OR 95% CI P  

Model 1: Unweighted, and unadjusted generalized estimating equation model     
MMP vs MP 3.44 (0.57–20.86) 0.179  
MMPI vs MP 3.39 (0.36–32.23) 0.288  
MMPI vs MMP 0.99 (0.10–9.37) 0.99  
Model 2: Unadjusted, weighed generalized estimating equation model with GBM weights      
MMP vs MP 1.8 (0.27–12.13) 0.547  
MMPI vs MP 2.9 (0.27–30.88) 0.377  
MMPI vs MMP 1.62 (0.13–20.21) 0.71  
Model 3: Adjusted, IPTW-weighted GEE model with GBM weights      
MMP vs MP 3.28 (0.10–108.59) 0.506 
MMPI vs MP 4.16 (0.24–72.39) 0.328 
MMPI vs MMP 1.27 (0.06–27.86) 0.88 
Age at baseline 1.13 (0.60–2.12) 0.71 
Baseline CMAS score 0.53 (0.33–0.84) 0.007 
Baseline CHAQ index 11.23 (0.40–313.61) 0.154 
Baseline PGA score 1.26 (0.37–4.28) 0.715 
Baseline parent/patient global overall well-being score 0.36 (0.12–1.11) 0.075 

CHAQ: Childhood Health Assessment Questionnaire Disability Index; CMAS: Childhood Myositis Assessment Scale score; CTP: consensus treatment plan; 
GBM: generalized boosted models; IPTW: inverse probability of treatment weighting; MMP: methylprednisolone, methotrexate, and prednisone; MMPI: 
methylprednisolone, methotrexate, prednisone, and intravenous immunoglobulin; MP: methotrexate and prednisone;  PGA: physician global assessment.
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registry studies. Since only 4 out of the 6 core JDM measure-
ments used in the response criteria by Aggarwal, et al16 were 
captured in the pilot data, results from our pilot study cannot 
be used to compare to clinical trials and registry-based studies 
of the same treatments. In the current enrolling CARRA JDM 
registry, all 6 measurements are collected routinely, and detailed 
documentation of medication changes and important medical 
events are recorded, thus enabling the comparison to other 
similar studies in the future. 
 Our pilot study demonstrated diversity in CTP assign-
ment at enrollment across the initial 12 pilot CARRA sites. 
The proportion of patients receiving any 1 CTP ranged from 
20.5% to 46.2%, with MMP being the most frequent option 
and MMPI being the least frequent CTP option for treating 
patients with moderate new-onset JDM. Consistent with 
the literature9,10,11,12,13,14, the CTP choice of new-onset JDM 
management in our pilot data varied across countries (reflecting 
practice variation; this is important because it generates a 
basis for the development of a good PS for matching), patient 
characteristics, and disease activity at baseline. The significant 
difference in baseline clinical measurements between MP, 
MMP, and MMPI corresponds with the established belief that 
patients who are more severely affected tend to be treated more 
aggressively. 
 The comparative effectiveness approach we have studied 
here is a viable approach to establish unbiased estimates of treat-
ment effectiveness for rare diseases. Our design not only reflects 
real-world clinical practice, but also simplifies the data collec-
tion process and permits simultaneous comparisons of multiple 
treatment options without the expenses, intensive planning, and 
complex infrastructure required by RCT. Although practical, the 
interpretation of treatment effectiveness is complicated in the 
presence of allocation bias and confounding by indication due to 
the nonrandomized treatment assignment. Unlike RCT, where 

standard statistical methods can be used to analyze treatment 
effectiveness (as the expected difference in the outcome in large 
enough samples is likely due only to the difference in treatment), 
our registry-based observational design requires more complex 
causal inference analytical methods to address confounding bias 
and the observed treatment assignment imbalance.
 The GBM PS estimation adopted in this study can handle 
high-dimensional confounders and is considered a better alter-
native than the traditional logistic/multinomial regression, 
as well as other learning-based approaches21,23. The small size 
of this pilot study limited the correct specification of the PS 
model. Given that the eventual, complete JDM registry will 
enroll considerably more patients, GBM methods should 
be able to adjust for all measured confounders and produce 
PS that, after weighting, can achieve excellent balance across 
CTP. In our study, IPTW was used instead of the PS matching 
approach, avoiding potential exclusion of patients that are 
unmatched from the PS analysis. The complete JDM registry 
will also be analyzed using the Bayesian method22,24. The 
Bayesian-formulated outcome model can provide alterna-
tive probability summaries on the estimated treatment effect 
(through the estimated posterior density of outcome by CTP) 
and most importantly, can incorporate clinical expert beliefs 
on treatment efficacy (as priors), enabling the comparison of 
effectiveness between different beliefs24,25. 
 Our pilot study has provided useful knowledge and experi-
ence about the design and analysis of comparative effectiveness 
studies using the CARRA registry CTP approach. The proposed 
advanced statistical methods can be adopted to analyze the 
eventual, full CARRA JDM registry and can be extended and 
applied to other observational studies in rare diseases. 
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