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ABSTRACT 

Introduction: Repository corticotropin injection (RCI) is indicated as adjunctive, short-

term therapy in selected patients with RA. To characterize RCI users and identify 

predictors of RCI initiation in RA, we compared preindex characteristics, treatment 

patterns, comorbidities, healthcare resource utilization (HCRU), and costs for patients 

who had initiated RCI treatment (RCI cohort) versus patients with no RCI claims and ≥ 1 

targeted synthetic or biologic disease-modifying antirheumatic drugs (ts/bDMARD) claim 

(non-RCI ts/bDMARD cohort). 

Methods: We analyzed pharmacy and medical claims data from a large commercial 

and Medicare supplemental administrative database. Inclusion criteria were age ≥ 18 

years, ≥ 1 inpatient or ≥ 2 outpatient claims with RA diagnosis (January 1, 2007, to 

December 31, 2018), and 12-month continuous medical and pharmacy coverage 

preindex. Results from baseline cohort comparisons informed multiple logistic 

regression analysis. 

Results: Compared with the non-RCI ts/bDMARD cohort (n = 162,065), the RCI cohort 

(n = 350) had a greater proportion of patients with higher Charlson comorbidity index 

(CCI) scores; higher mean claims-based index of RA severity and CCI scores; greater 

frequency of almost all comorbidities; higher use of nontraditional DMARDs, 

glucocorticoids, and opioids; higher all-cause HCRU; and higher medical and total 

costs. By multivariable analysis, the most significant predictors of RCI initiation were 

intermittent glucocorticoid use at any dose (odds ratio [OR] = 1.67), extended-use 

glucocorticoids at medium (OR = 2.03) and high doses (OR = 2.99), nontraditional 

DMARD use (OR = 2.09), anemia (OR = 1.39), and renal disease (OR = 2.45). 
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Conclusion: Before RCI initiation, patients had more severe RA, higher comorbidity 

burden, greater use of glucocorticoids and opioids, and higher HCRU compared with 

non-RCI initiators. The most significant predictors for starting RCI in patients with RA 

were intermittent use of glucocorticoids at any dose, extended-use high-dose 

glucocorticoids, use of nontraditional DMARDs, and comorbid anemia and renal 

disease. 

 

Keywords: ACTH; Acthar® Gel; Glucocorticoids; Healthcare utilization; RCI; Repository 

corticotropin injection; Rheumatoid arthritis 

Key Summary Points: 

Why carry out this study? 

 An estimated 6% of people living with moderate to severe rheumatoid arthritis 

(RA), approximately 30,000 to 34,000 US patients, are refractory to targeted 

disease-modifying antirheumatic drug (DMARDs) therapies and in need of 

alternatives to manage uncontrolled disease. 

 Repository corticotropin injection (RCI; Acthar® Gel) is approved by the U.S. 

Food and Drug Administration as adjunctive therapy for short-term administration 

(to tide the patient over an acute episode or exacerbation) and for use in 

“selected cases who may require low-dose maintenance therapy” for RA. 

 To characterize patients best suited for RCI therapy and identify predictors of 

RCI initiation, we performed a retrospective claims database analysis comparing 

patients who had initiated RCI therapy with patients who had not initiated RCI 
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therapy and who were being treated with at least 1 targeted synthetic or biologic 

DMARD (ts/bDMARD). 

What was learned from the study? 

 There remains an unmet need for patients with refractory, persistently active RA 

who do not tolerate or respond to current treatment options. Patients who 

initiated RCI had higher comorbidity burden and more severe disease than those 

who did not, and they had previously tried a myriad of treatments (DMARDs, 

high-dose glucocorticoids, opioids, nonsteroidal anti-inflammatory drugs). 

 Significant predictors for RCI therapy initiation in patients with RA were prior 

treatment with high-dose or extended-use glucocorticoids and nontraditional 

DMARDs as well as comorbid anemia and renal disease. 

 This study identifies a potentially significant subset of patients with RA in whom 

RCI therapy appears to have a role in their disease management. 

 

DIGITAL FEATURES 

This article is published with digital features, including a summary slide, to facilitate 

understanding of the article. To view digital features for this article go to 

https://doi.org/10.6084/m9.figshare.13353419  
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INTRODUCTION 

Rheumatoid arthritis (RA) is a chronic autoimmune joint disease characterized by 

inflammatory responses that can cause cartilage and bone destruction, leading to 

disability, reduced quality of life, and an increased risk of extra-articular manifestations 

[1]. In addition, RA and other forms of arthritis cause a considerable societal economic 

burden [2-4]. The total incremental cost to treat all patients with RA in the United States 

was estimated to be $22.3 billion in 2008 [2]. 

Use of targeted disease-modifying antirheumatic drug (DMARD) therapy has 

shown great benefit in many patients with moderate to severe RA. Both the American 

College of Rheumatology (ACR) [5] and European League Against Rheumatism 

(EULAR) [4] recommend a treat-to-target approach for RA [1]. Nonetheless, some 

patients with RA do not respond to current and recommended first-, second-, or third-

line treatments [5, 6]. Although exact estimates of the number of patients with refractory 

or uncontrolled RA are unavailable, a recent study from the British Society for 

Rheumatology Biologics Register for RA found that 6% of all patients who initiated first-

line bDMARD therapy (with tumor necrosis factor [TNF] inhibitors) still did not respond 

after trying three classes of bDMARDs and were classified as having refractory disease 

[7]. These estimates translate to approximately 30,000 to 34,000 US patients with 

uncontrolled RA in need of other treatment options [8, 9]. Factors to consider in 

alternative treatment selection include disease activity, comorbidities, patterns of 

response to previous treatments, prescription drug coverage, patient cost burden, and 

adherence [6, 10-14]. 
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 Repository corticotropin injection (RCI; Acthar® Gel, Mallinckrodt ARD LLC, 

Bedminster, NJ)—a naturally sourced complex mixture of adrenocorticotropic hormone 

analogs and other pituitary peptides—is indicated for short-term administration in 

patients experiencing acute episodes or exacerbations of RA [15]. Evidence from 

previous studies suggests that in clinical practice RCI is used primarily as late-line 

therapy to treat flares, as a bridge to new therapy, or as an add-on to prior therapy [16, 

17]. 

 Though RCI has demonstrated efficacy in treating a subset of patients with RA 

refractory to the most common treatments [18], an accurate profile of these patients is 

lacking in the current literature. To help fill this gap, we conducted a retrospective 

administrative claim database analysis to (1) describe patient clinical characteristics, 

treatment patterns, and healthcare resource utilization (HCRU) in the 12 months before 

the index date (preindex period, defined below); (2) identify predictors of RCI initiation 

by comparing a cohort of patients with RA who initiated RCI therapy with a cohort of 

patients treated with ts/bDMARDs without any claims for RCI; and (3) compare 

predictors of RCI initiation in a subgroup of the study population, limited to patients who 

tried at least one targeted DMARD during the preindex period. 
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METHODS 

Study Design and Data Source 

This retrospective cohort study evaluated predictors of RCI treatment initiation in adults 

(≥ 18 years) with RA using data from the IBM® MarketScan® Commercial Claims and 

Encounters (CCAE) and Medicare Supplemental and Coordination of Benefits (COB) 

research databases for the period of January 1, 2007, to December 31, 2018. These 

databases contain deidentified, person-specific health data including clinical utilization, 

expenditures, insurance enrollment/plan benefit, inpatient, outpatient, and prescription 

information. Together, the CCAE and Medicare Supplemental databases include the 

records of more than 66 million people [19]. These patients have coordination of 

benefits, meaning that in addition to Medicare they have a private insurance plan paid 

for by their employers and therefore are not typical of the usual Medicare patient 

population. The Medicare Supplemental and COB dataset contains information on both 

Medicare-paid and supplemental insurance-paid services. 

 This article is based on previously existing observational data, and the research 

did not involve any new interventional studies of human or animal subjects performed 

by any of the authors. This retrospective study used deidentified data, and no personal 

health information was collected. For this type of study, formal consent is not required. 

Because of the retrospective study design using previously collected deidentified data, 

institutional review board approval was not necessary for this study. 

 

Patient Identification 
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The study population included adults (age ≥ 18 years) with ≥ 1 inpatient or ≥ 2 

outpatient claims with non-rule out International Classification of Diseases, Ninth or 10th 

Revision (ICD-9/10) RA diagnosis during the January 1, 2007, to December 31, 2018, 

study intake period and with 12 months of continuous medical and pharmacy coverage 

before the index date. The index date was the date of the first RCI claim for the RCI 

cohort and the date of the last ts/bDMARD claim for the non-RCI ts/bDMARD cohort. 

We selected the index date of last ts/bDMARD to obtain a patient population more likely 

to have established or chronic RA and to minimize the number of patients with early 

disease who were just initiating targeted DMARD therapy. Patients who initiate RCI 

therapy are generally required by payers to have tried multiple other treatment options 

before initiation, which suggests more established RA, similar to the non-RCI 

ts/bDMARD cohort. 

 To be included in a study cohort, patients had to have ≥ 1 claim for an RA-related 

tsDMARD, bDMARD, or RCI. The RCI cohort comprised patients with RA and ≥ 1 claim 

for RCI during the study index period. The non-RCI ts/bDMARD cohort comprised 

patients without any claims for RCI and ≥ 1 claim for a ts/bDMARD during the study 

index period. The RCI cohort and the non-RCI ts/bDMARD cohort comprised the full 

analysis set. In both cohorts (Fig. 1), we excluded patients (RCI: n=42, 10.7%; non-RCI: 

n=6326, 3.7%) with extreme values (> 99.5th percentile) for the number of claims of 

treatments of interest (ie, DMARDs, glucocorticoids, nonsteroidal anti-inflammatory 

drugs [NSAIDs], or opioids). 

We conducted a subgroup analysis of patients from both full analysis set cohorts 

who had ≥ 1 claim for a ts/bDMARD in the preindex period. The purpose of this 
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subgroup analysis was to directly compare patients who currently (or recently) had used 

ts/bDMARDs with beneficial results and continued that therapy (non-RCI ts/bDMARD 

cohort) with patients who had poor response and had initiated RCI treatment (RCI 

cohort). While, as a result of this cohort’s inclusion criteria, almost all patients in the full 

analysis set ts/bDMARD cohort had targeted DMARD therapy in the preindex period, it 

is likely that most patients in the full analysis RCI cohort had previously tried 

ts/bDMARD therapy but may have discontinued treatment before the preindex period, 

which is not captured in the full analysis set. 

 

Variables and Outcome Measures 

Analyzed descriptive statistics included index demographic characteristics (ie, sex, age, 

health plan type, insurance type, geographic region, year of index date), preindex 

clinical characteristics (ie, preexisting conditions, RA severity score), medication use, 

HCRU, and costs. To determine the geographic region, we used the Federal 

Information Processing Standard Publication codes in the databases for states and 

regions defined according to the US 2010 census [20]. The RA severity measures used 

in the dataset were the claims-based disease-specific refinements (CDMF) Charlson 

comorbidity index (CCI) and claims-based index of RA severity (CIRAS) [21, 22]. Tables 

S1 and S2 in the electronic supplementary materials list the ICD-9/10 codes we used to 

define CIRAS and CCI. 

 We used Andersen’s Behavioral Model (ABM) of healthcare utilization for 

grouping predictors of treatment initiation. ABM is a validated conceptual model for 

describing factors that influence or predict HCRU as predisposing, enabling, or need 
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[23, 24]. The predisposing factors that we used were age, sex, and region in the United 

States. The enabling factors were insurance type (commercial or Medicare 

supplemental), plan type (capitated or noncapitated), RA severity index (CIRAS), 

comorbidity index (CDMF-CCI), number of physician visits (inpatient, emergency 

department [ED], office, other outpatient). The need factors were the number of 

preindex csDMARD claims, the number of preindex ts/bDMARD claims, preindex pain 

indicators (number of NSAID/opioid claims), preindex glucocorticoid claims, 

glucocorticoid treatment type (doses as defined below) within 60 days of the preindex 

date, and select individual comorbidities at index. Aligning with the work by Chen et al 

[25] and Rice et al [26, 27], we used the following definitions to describe glucocorticoid 

treatment: intermittent (< 60 days) or extended (≥ 60 days) at low (≤ 7.5 mg/day), 

medium (> 7.5 to ≤ 15 mg/day), or high (> 15 mg/day) doses. For patients with 

extended-use glucocorticoids, the average daily dose (ADD) was also calculated. 

Supplementary Tables S3 and S4 provide the ICD codes used to define select 

comorbidities and treatments, respectively. 

 To better understand differences in treatment patterns, we divided csDMARDs 

into 2 groups: (1) csDMARDs currently used and recommended in ACR/EULAR 

guidelines, referred to as “traditional” DMARDs in this study (hydroxychloroquine 

sulfate, leflunomide, methotrexate, sulfasalazine), and (2) csDMARDs that are not 

recommended by current ACR/EULAR guidelines, yet still used infrequently in typically 

hard-to-treat patients, referred to as “nontraditional” DMARDs (azathioprine, 

cyclophosphamide, cyclosporine, mycophenolate mofetil) (Supplementary Table S4). 
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Statistical Analyses 

Because of the descriptive nature of the study, sample size was not based on formal 

statistical hypothesis testing. All patients who met the eligibility criteria were included in 

the analysis. We presented descriptive statistics as mean and standard deviation (SD) 

for continuous variables and as number of patients and percentage for categorical 

variables. 

 In addition to the descriptive characterization of the RCI patient population, we 

used multiple logistic regression to identify the most significant predictors of RCI 

initiation in the full RCI and non-RCI ts/bDMARD cohorts as well as in the subgroup 

analysis of patients with at least 1 claim for a ts/bDMARD in the preindex period, as 

described above. We analyzed baseline (index) demographics, preindex clinical 

characteristics, and treatment patterns. To assess the statistical significance of possible 

predictors of RCI initiation, we conducted a univariate analysis using RCI as the 

dependent variable and each individual covariate as an independent variable, with a 

two-tailed significance level of alpha = 0.05. Factors that were identified as significant in 

the univariate analysis, along with relevant demographic and clinical characteristics, 

were included in the multiple logistic regression analysis. 
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RESULTS 

Cohort Selection 

Based on the selection criteria shown in Figure 1, a total of 766,383 RA patients were 

identified with ≥ 1 inpatient or ≥ 2 outpatient claims with non-rule out ICD-9/10 RA 

diagnosis during the study intake period (Fig. 1). Among these patients, 485,049 had 

≥ 1 claim for an RA-related medication of interest (ie, tsDMARD, bDMARD, or RCI). The 

full analysis comprised 350 patients in the RCI cohort and 162,065 patients in the non-

RCI ts/bDMARD cohort; Table 1 summarizes the baseline demographic and clinical 

characteristics of the full analysis set. Both cohorts had a mean age of 56 years and a 

similar proportion of female patients, 78% and 76% in the RCI and non-RCI ts/bDMARD 

cohorts, respectively. Patients in the RCI cohort were primarily located in the South 

(36%) and the Northeast (31%) regions of the United States; patients in the non-RCI 

ts/bDMARD cohort were primarily located in the South (43%) and North Central (22%) 

regions. In both the RCI and non-RCI ts/bDMARD cohorts, most patients had 

commercial insurance coverage (77% and 81%, respectively) provided by fee-for-

service plans (91% and 85%, respectively). The RCI cohort had a higher proportion of 

patients in CDMF-CCI group 3-4 (21% vs. 12%) and group ≥ 5 (6% vs. 3%) compared 

with the non-RCI ts/bDMARD cohort, respectively. 

 The subgroup analysis set of patients with ≥ 1 claim for a ts/bDMARD comprised 

160 patients in the RCI cohort and 155,673 patients in the non-RCI ts/bDMARD cohort 

(Fig. 1). Table S5 in the electronic supplementary materials summarizes the baseline 

demographic and clinical characteristics for the cohorts in the subgroup analysis set, the 
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results of which were similar to the full analysis set. Unless otherwise indicated, the 

findings presented in this report are from the full analysis set. 

 Table 2 summarizes the bivariate analysis of comorbidities reported in ≥ 5% of 

patients in either cohort in the full analysis set. The RCI cohort had a statistically 

significant higher prevalence of several comorbidities than the non-RCI ts/bDMARD 

cohort including anemia (26% vs. 12%), arrhythmia (18% vs. 9%), cerebrovascular 

disease/stroke (7% vs. 4%), deep vein thrombosis (5% vs. 1%), hypertension (51% vs. 

41%), ischemic heart disease (15% vs. 9%), diabetes with complication (16% vs. 11%), 

mild or moderate renal disease (13% vs. 4%), anxiety (14% vs. 11%), depression (20% 

vs. 14%), arthralgia (49% vs. 36%), carpal tunnel syndrome (7% vs. 4%), Sjögren’s 

syndrome (6% vs. 2%), synovitis (9% vs. 6%), chronic pulmonary disease (27% vs. 

16%), pulmonary embolism (5% vs. 1%), cataract (19% vs. 14%), and general infection 

(35% vs. 29%). 

 

Treatment Pattern 

Figure 2 summarizes the general treatment pattern of the cohorts. Overall, RCI patients 

used more nontraditional DMARDs (14% vs. 2%), glucocorticoids (90% vs. 68%), 

NSAIDs (65% vs. 57%), and opioids (66% vs. 45%) compared with patients in the 

non-RCI ts/bDMARD cohort during their preindex period (Fig. 2). Patients in the 

non-RCI ts/bDMARD cohort were more likely to have received targeted DMARDs (96% 

vs. 46%) and nearly just as likely to have received traditional DMARDs (63% vs. 58%) 

compared with patients in the RCI cohort, respectively. 
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Patients in the RCI cohort tried significantly more drugs within the medication 

class and filled more prescriptions overall for nontraditional DMARDs, glucocorticoids, 

NSAIDs, and opioids (Figs. 3a and 3b), compared with the non-RCI ts/bDMARD cohort. 

Although there was no difference in the mean number of different traditional DMARDs 

tried, the non-RCI ts/bDMARD cohort filled significantly more traditional DMARD 

prescriptions compared with the RCI cohort. Patients in the non-RCI ts/bDMARD cohort 

had a significantly greater mean number of ts/bDMARDs tried within the class and filled 

more ts/bDMARDs than the RCI cohort during the preindex period (Fig. 3a and 3b). As 

shown in the electronic supplementary materials, in the subgroup analysis of patients 

who had tried a ts/bDMARD in the preindex period, the RCI cohort had a significantly 

higher mean number of ts/bDMARDs tried (Fig. S1a) but a significantly lower mean 

number of fills compared with the non-RCI ts/bDMARD cohort (Fig. S1b). In addition to 

higher number of glucocorticoids tried and filled, a greater proportion of patients in the 

RCI cohort who took extended-use glucocorticoids had a significantly higher mean ADD 

compared with the non-RCI ts/bDMARD cohort (21.20 ± 25.60 vs. 11.70 ± 19.00, P < 

0.001) (Figs. 4a and 4b). 

 Figure 5 summarizes the patterns of DMARD use in the RCI and non-RCI 

ts/bDMARD cohorts. The treatment pattern analysis for traditional DMARDs revealed a 

higher rate of hydroxychloroquine use in the RCI cohort and a higher rate of 

methotrexate use in the non-RCI ts/bDMARD cohort (Fig. 5a). The 2 cohorts had similar 

rates of leflunomide and sulfasalazine use. Among the nontraditional DMARDs, the RCI 

cohort had a higher rate of azathioprine and mycophenolate mofetil use compared with 

the non-RCI ts/bDMARD cohort (Fig. 5b). With regard to the targeted DMARDs, the RCI 
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cohort had a higher rate of use rituximab, tocilizumab, and tofacitinib and lower rates of 

use of abatacept and the TNF inhibitors as a class compared with the non-RCI 

ts/bDMARD cohort (Fig. 5c). 

 

Healthcare Resource Utilization and Costs 

Table 3 summarizes HCRU during the preindex period. All-cause HCRU was higher for 

the RCI cohort in terms of the percentage of patients who had inpatient hospitalization 

(26% vs. 13%) and ED visits (47% vs. 28%) compared with the non-RCI ts/bDMARD 

cohort, respectively. Patients in the RCI cohort had a significantly higher mean number 

of inpatient visits (0.4 vs. 0.2), ED visits (1.4 vs. 0.5), office visits (18 vs. 12), and other 

outpatient visits (30 vs. 18) compared with patients in the non-RCI ts/bDMARD cohort 

(all comparisons, P < 0.001). The mean all-cause HCRU costs were higher in the RCI 

cohort compared with the non-RCI ts/bDMARD cohort ($60,580 vs. $46,026, P < 0.001) 

because of higher medical costs ($38,468 vs. $22,360; P < 0.001). No statistically 

significant difference was noted in the mean cost of prescription fills in the RCI and  

nonRCI ts/bDMARD cohorts ($22,112 vs. $23,666). 

 We also analyzed RA-related healthcare costs in the baseline period (excluding 

the index date), with RA-related defined as any claim with an RA diagnosis and/or an 

RA-related medication (ie, csDMARDs, ts/bDMARDs, glucocorticoids, RCI). The RCI 

cohort had a higher numerical mean (SD) RA-related cost of inpatient hospitalization 

($1004 [$8692] vs. $625 [$5371]) and ED visits ($207 [$1295] vs. $121 [$2176]) 

compared with the non-RCI ts/bDMARD cohort, respectively. In contrast, the RCI cohort 

compared with the non-RCI ts/bDMARD cohort had lower numerical mean (SD) RA-
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related pharmacy fills costs ($8184 [$13,440] vs. $20,962 [$19,099]), medical costs 

$8542 [$18,488] vs. $10,052 [$19,899]), and total costs ($16,024 [$21,683] vs. $29,929 

[$21,387]). 

 

Multivariable Analysis 

Table 4 summarizes the results of the multivariable logistic regression analysis for 

predictors of RCI initiation during the 12 months preindex in the full and subgroup 

analysis. See the electronic supplementary materials to view the forest plots of the 

multivariable regression analysis in the full analysis set (Fig. S2) and subgroup analysis 

set (Fig. S3). In the full analysis set, glucocorticoids were the strongest predictors for 

RCI initiation, specifically for extended-use (≥ 60 days) high-dose (> 15 mg/day) (odds 

ratio [OR] = 2.99; 95% confidence interval [95% CI], 1.71-5.21), extended-use mid-dose 

(> 7.5-15 mg/day) (OR = 2.03; 95% CI, 1.18-3.49), and for intermittent use (< 60 days) 

at any dose (OR = 1.67; 95% CI, 1.04-2.67). These results remain consistent in the 

subgroup analysis set, with ORs for glucocorticoid use ranging from 2.27 to 4.38. Use of 

nontraditional DMARDs was also a significant predictor of RCI initiation (OR = 2.09; 

95% CI, 1.20-3.65) in the full analysis set, but was not significant in the subgroup 

analysis set. 

 The most significant negative predictors of RCI initiation in the full analysis were 

the mean number of different ts/bDMARDs tried (OR = 0.25; 95% CI, 0.19-0.33) and the 

mean number of fills for ts/bDMARDs (OR = 0.85; 95% CI, 0.81-0.89). Within the 

subgroup analysis, limited to those with a ts/bDMARD in the preindex period, the mean 

number of different ts/bDMARDs tried became a significant predictor of RCI initiation 

Pre-
typ

es
et 

ve
rsi

on



 

 

 
 

(OR = 1.82; 95% CI, 1.40-2.37), while the mean number of ts/bDMARDs filled remained 

a negative predictor of initiation (OR = 0.93; 95% CI, 0.89-0.97) similar to the full 

analysis set. 

 Among the comorbidities, anemia (OR = 1.39; 95% CI, 1.05-1.83) and renal 

disease (OR = 2.45; 95% CI, 1.64-3.66) were the only significant predictors of RCI 

treatment initiation in the regression analysis for the full analysis set. In the subgroup 

analysis set, anemia (OR = 1.54; 95% CI, 1.04-2.29) remained as the only significant 

comorbid predictor of RCI treatment initiation. 
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DISCUSSION 

We retrospectively compared medical and pharmacy claims data, during the 12-month 

preindex period, from a cohort of patients who had initiated RCI therapy versus a cohort 

treated with ts/bDMARDs without any claims for RCI. Evaluation of clinical 

characteristics, treatment patterns, and HCRU before initiation of RCI, versus initiation 

or continuation of ts/bDMARD therapy, is critical in understanding differences in patients 

with uncontrolled RA requiring alternatives to standard therapy and in generating an 

accurate patient profile for RCI initiators. 

 Repository corticotropin injection is a complex mixture of adrenocorticotropic 

hormone analogs and other pituitary peptides that activates all five melanocortin 

receptors (MC1R-MC5R), inducing steroidogenesis, anti-inflammatory effects, and 

direct immunomodulation of B and T cells [28-32]. Recently, Montero-Melendez et al 

demonstrated activation of MC1R-induced cellular senescence in both synovial and 

dermal fibroblasts in a mouse model of inflammatory arthritis [33]. This MC1R-induced 

cellular senescence led to fibroblast proliferation arrest and upregulation of anti-

apoptotic signaling with a pro-reparative phenotype, improving knee and joint damage 

scores by 35%. The complex mixture of adrenocorticotropic hormones and pituitary 

peptides in RCI functionally activates the MCRs in preferential order, with the greatest 

activity observed on MC4R, MC3R, and MC1R signaling, followed by MC2R and a 

partial agonist effect on MC5R. This is distinct from synthetic adrenocorticotropic 

hormone (ACTH) 1-24, which shows greatest activity on MC2R, resulting in higher 

endogenous glucocorticoid production by ACTH1-24 compared with RCI [34]. This 

difference in MCR engagement and activation may explain the potential for RCI action 
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through non-steroidogenic mechanisms. This is especially true for patients with 

refractory RA who are taking long-term and high-dose glucocorticoids and who 

demonstrate, with the addition of RCI treatment, a response that is unlikely to be 

explained by increased endogenous glucocorticoid production.  

In addition to the mechanistic understanding of RCI efficacy, there is significant clinical 

evidence supporting the use of RCI treatment in patients with refractory RA following 

standard treatment recommended by current guidelines. The safety and effectiveness of 

RCI therapy in RA has been shown in small single-arm studies [35-37] and in a 2-part 

multicenter, randomized, placebo-controlled withdrawal trial in 259 patients with active 

RA (defined as Disease Activity Score with 28 joint count and erythrocyte sedimentation 

rate [DAS28-ESR] > 3.2) despite treatment with a glucocorticoid and 1 or 2 DMARDs, 

including biologic DMARDs [18, 38]. In the first part of the latter trial, all patients 

received twice-weekly open-label RCI for 12 weeks, at which point patients who 

achieved low disease activity (LDA; defined as DAS28-ESR < 3.2) were randomized to 

12 more weeks of RCI or matching placebo [18]. At week 12, 63% of patients achieved 

LDA (P < 0.0001), the primary endpoint of the trial, which was maintained at week 24 by 

61% of patients in the RCI group and 42% in the placebo group (P = 0.019). 

In this study, patients who had initiated RCI appeared to have greater disease 

severity with statistically higher mean CIRAS scores (P < 0.001), increased mean 

comorbidity index scores (P < 0.001), and a greater frequency of almost all individual 

comorbidities evaluated, including anemia, anxiety/depression, arrhythmia, arthralgia, 

chronic pulmonary disease, hypertension, and renal disease. The medication utilization 

analysis suggests that patients who initiated RCI had more recalcitrant or difficult-to-
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treat RA, as evidenced by higher use of nontraditional DMARDs, glucocorticoids, and 

opioids, and a higher proportion of patients trying more drug classes than patients who 

never initiated RCI. The hypothesis that RCI users had more difficult-to-treat RA 

compared with non-RCI ts/bDMARD users is corroborated by the higher all-cause 

HCRU, including inpatient hospitalization, ED visits, office visits, and outpatient visits as 

well as higher medical and total costs. Interestingly, we did not find a significant 

difference in total all-cause prescription refill costs that might be expected in comparison 

with patients using higher-cost ts/bDMARDs, although significantly higher usage of 

other medication classes such as glucocorticoids, NSAIDs, and opioids may account for 

added costs before RCI initiation. 

 In the multivariable logistic regression analysis, glucocorticoid use was the 

clearest indicator of initiating RCI, especially extended use at medium and high doses, 

which had ORs of 2.03 (P < 0.01) and 2.99 (P < 0.001), respectively. As would be 

expected given the selection criteria, the non-RCI ts/bDMARD cohort had a higher rate 

of ts/bDMARD use compared with the RCI cohort. Our analysis cannot rule out the 

possibility that, in the 12 months before the index date, patients in the RCI cohort had 

tried and not responded sufficiently to ts/bDMARDs, resulting in reliance on 

glucocorticoids and csDMARDs to control disease. The data demonstrating less TNF 

inhibitor use in the RCI cohort full analysis set might support this hypothesis. Given the 

FDA-approved indication for RCI as adjunctive therapy for short-term administration in 

RA, as part of their rebate-eligible policy criteria, most payers require patients with RA 

to have tried glucocorticoids, a nonbiologic DMARD, and 1 additional DMARD (either 

conventional or targeted synthetic/biologic). When we limited the multivariable 
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regression only to patients in each cohort with ts/bDMARD use in the preindex period 

(subgroup analysis set), the mean number of ts/bDMARDs tried flipped from a negative 

predictor of RCI initiation (OR = 0.25; 95% CI, 0.19-0.33) in the full analysis set to a 

significant positive predictor (OR = 1.82; 95% CI, 1.40-2.37), while the mean number of 

total fills for ts/bDMARD remained negative predictors of RCI initiation in both sets. 

Limiting the analysis to patients who had tried ts/bDMARDs in the preindex period 

suggests that, in comparison with patients who had not used RCI, those who had 

initiated RCI more often switched ts/bDMARDs but failed to continue filling those 

prescriptions, indicating a possible lack of efficacy or tolerance. Patients in the RCI 

cohort in the full analysis set might have experienced this pattern of medication use, 

resulting in no ts/bDMARD use in their preindex period. 

 Among the comorbidities tested in the multivariable logistic regression analysis, 

anemia and renal disease appeared to be significant predictors of RCI treatment 

initiation. Although causality cannot be confirmed, anemia may be a secondary marker 

of inflammation [39-43]. Renal disease may be secondary to RA, other comorbidities 

(eg, cardiovascular disease, diabetes), or treatment with RA medications (eg, NSAIDs) 

[44]. While the higher prevalence of anemia and arthralgia in the RCI cohort compared 

with the non-RCI ts/bDMARD cohort might be evidence of increased RA disease 

activity, and the renal disease may influence therapy selection, we also found other 

comorbidities (eg, diabetes, deep vein thrombosis) to be more prevalent in the RCI 

cohort that are not known to be contraindications for many if not all targeted therapies. 

 Few other studies have analyzed predictors of treatment initiation in patients with 

RA, with this study being the first to identify predictors in the 12 months before initiating 
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RCI. A health insurance claims study by Desai et al reported that younger age, 

residence in the southern United States, being cared for by a rheumatologist, and 

having a health plan with more generous prescription drug benefits positively impacted 

treatment initiation with TNF inhibitors [24]. A medical chart review study by Nelson et al 

found that patients with RA had received an average of 3.6 RA medications before 

initiating RCI, suggesting that RCI is administered primarily as a late-line therapy [16], 

which is supported by our findings of high nontraditional DMARD use in these patients. 

An analysis of 1998 to 2006 patient-reported data in the US Arthritis, Rheumatism and 

Aging Medical Information System database concluded that greater disability in the 

previous 6 months and previous use of glucocorticoids and DMARDs were independent 

positive predictors of initiation of treatment with biologics for patients with RA, whereas, 

older age and lower annual income were independent predictors of decreased use of 

biologics [45]. Taking this a step further, our subgroup analysis demonstrated that even 

after initiation of ts/bDMARDs, patients who started RCI treatment still had a higher 

comorbidity burden and continued to use glucocorticoids more frequently, for longer 

duration, and at higher doses.  

 

Strengths and Limitations 

The main strength of this study is capturing, from one of the largest proprietary US 

commercial claims databases, all patients who initiated RCI over a 10-year period. This 

study was limited by the small sample size of the RCI cohort. Because of this small 

sample size, the only exclusion criteria we applied were limiting the data to adult 

patients, requiring 12 months of continuous enrollment before the index date, and 
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excluding patients with the most extreme number of claims (> 99.5th percentile) of the 

treatments of interest. We removed from drug treatment groups patients with 0.5% of 

the most extreme number of claims to prevent bias of unrealistic usage, such as 286 

claims filled for opioids (with mean number of claims of 4.9 and 2.4 for RCI and non-RCI 

cohorts, respectively) or 165 claims for glucocorticoids (with mean number of claims of 

6.5 and 3.2 for RCI and non-RCI cohorts, respectively) in the 12-month pre-index 

period. While we believe this was a reasonable approach, as more detailed information 

on these specific patients was unavailable in the claims data, it is not clear whether their 

removal impacted our results, although bivariate analysis between the two cohorts 

showed the same results with and without these patients included (data not shown). 

The study was also limited by the type of patient information available in claims 

databases. Because claims data did not include clinical measures of RA disease 

severity, such as the Clinical Disease Activity Index (CDAI) or DAS28, we used the 

previously published CIRAS as a surrogate measure, as described in the methods [22]. 

In the present analysis, cost estimates and HCRU are underestimated in patients with 

Medicare Supplemental coverage because claims data were captured only for the 

portion of the costs and usage not fully covered by Medicare, since no claims would be 

submitted through the supplemental plan for services fully covered by Medicare. 

Because the study population was limited to members who were commercially insured 

or had a Medicare Supplemental health plan, the results may not be generalizable to 

persons with government-sponsored health insurance or who are uninsured or 

underinsured. 
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CONCLUSIONS 

Patients with RA who had initiated RCI therapy had more severe disease (indicated by 

higher CIRAS score; higher comorbidity burden; greater use of glucocorticoids, opioids, 

and NSAIDs; and higher HCRU) compared with non-RCI initiators using ts/bDMARD 

therapy. The most significant predictors for RCI therapy initiation in patients with RA 

were intermittent use of glucocorticoids at any dose, extended-use high-dose 

glucocorticoids, use of nontraditional DMARDs, and comorbidities of anemia and renal 

disease. 
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Figure Legends 

Fig. 1 

Flow diagram of the selection process used to form the study cohorts for the full and 

subgroup analyses. DMARD disease-modifying antirheumatic drug, NSAID nonsteroidal 

anti-inflammatory drug, RA rheumatoid arthritis, RCI repository corticotropin injection, 

ts/b targeted synthetic/biologic 

 

Fig. 2 

Preindex (12-month baseline) medication usage patterns of ts/bDMARDs, traditional 

DMARDs, nontraditional DMARDs, glucocorticoids, NSAIDs, and opioids for the RCI 

and non-RCI ts/bDMARD full analysis cohorts. DMARD disease-modifying 

antirheumatic drug, NSAID nonsteroidal anti-inflammatory drug, RCI repository 

corticotropin injection, ts/b targeted synthetic/biologic 

 

Fig. 3 

Preindex (12-month baseline) mean number of drug classes tried (a) and mean number 

of claims/fills (b) within each drug class for the RCI and non-RCI ts/bDMARD full 

analysis cohorts. DMARD disease-modifying antirheumatic drug, NSAID nonsteroidal 

anti-inflammatory drug, RCI repository corticotropin injection, ts/b targeted 

synthetic/biologic. *P < 0.05; **P <0.005; ***P < 0.001 
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Fig. 4 

Preindex (12-month baseline) glucocorticoid dosing patterns (a) and extended-use 

average daily dose (b) for the RCI and non-RCI ts/bDMARD full analysis cohorts. 

DMARD disease-modifying antirheumatic drug, HCPCS Healthcare Common Procedure 

Coding System, RCI repository corticotropin injection, ref reference, ts/b targeted 

synthetic/biologic. *P < 0.001 

 

Fig. 5 

Preindex (12-month baseline) usage patterns for traditional DMARDs (a), nontraditional 

DMARDs (b), and targeted DMARDs (c) for the RCI and non-RCI ts/bDMARD full 

analysis cohorts. DMARD disease-modifying antirheumatic drug, RCI repository 

corticotropin injection, ts/b targeted synthetic/biologic 
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