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ABSTRACT

Purpose: Approximately 6% of patients with
rheumatoid arthritis (RA) in the USA have
refractory disease that is resistant to standard-
of-care therapies. A recent phase IV clinical trial
affirmed the safety and efficacy of repository
corticotropin injection (RCI; Acthar� Gel) for
refractory RA. This post hoc analysis of the
clinical trial data assessed whether changes in
clinical measures correlated with patient-
reported outcome (PRO) improvements.
Methods: Data were assessed from the trial’s
open-label period when patients received RCI
(80 U) twice weekly for 12 weeks. Clinical
assessments included hemoglobin A1c, C-reac-
tive protein, erythrocyte sedimentation rate
(ESR), total joint count (TJC), swollen joint
count (SJC), Disease Activity Score with 28 joint

count and ESR (DAS28-ESR), and Clinical Dis-
ease Activity Index (CDAI). PROs included pain
(Visual Analog Scale), fatigue (Functional
Assessment of Chronic Illness Therapy-Fatigue
[FACIT-F]), disability (Health Assessment Ques-
tionnaire-Disability Index [HAQ-DI]), and
activity impairment (Work Productivity and
Activity Impairment [WPAI] questionnaire).
Patients grouped by minimal clinically impor-
tant difference (MCID) improvement vs no
improvement in PROs were compared with
clinical measures at week 12. Correlations were
determined by multivariable linear regression
analysis and standardized coefficient estimates.
Results: RCI responders, defined as patients with
DAS28-ESR\3.2atweek 12, reported significantly
greater PRO improvements for pain, disability,
fatigue, activity impairment, current work impair-
ment, and overall work impairment than nonre-
sponders. PatientswithMCID improvements in all
PROs showed significantly greater decreases in
mean values for TJC, DAS28-ESR, and CDAI,
whereas those with pain, fatigue, and disability
improvements had significantly greater SJC and
ESR reductions. Multivariable linear regression
analysis determined that improvement from base-
line in all PROs correlated with significant decrea-
ses in TJC, DAS28-ESR, and CDAI. ESR reduction
significantly correlatedwith improvements inpain
and disability, but not fatigue or WPAI.
Conclusions: These results confirm that clinical
responses to RCI were directly correlated with
patient perception of improvement.
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Key Summary Points

Why carry out this study?

Approximately 6% of patients with
rheumatoid arthritis (RA) in the USA have
refractory RA that is inadequately
responsive to standard-of-care therapies

Some studies suggest that physician-
reported clinical metrics such as the
Disease Activity Score with 28 joint count
and ESR (DAS28-ESR) and Clinical Disease
Activity Index (CDAI) may not correlate
well with patient-reported outcomes
(PROs)

The objective of this post hoc analysis
from a recent clinical trial that
demonstrated the safety and efficacy of
repository corticotropin injection (RCI;
Acthar� Gel) for the treatment of
refractory RA was to determine whether
the observed reductions in clinical values
correlate with improvements in PROs

What was learned from this study?

PROs for pain, disability, fatigue, activity
impairment, current work impairment,
and overall work impairment showed
greater improvements in RCI responders
(DAS28-ESR\3.2) than in nonresponders

Decreases in clinical measures such as
DAS28-ESR, CDAI, and tender joint count
significantly correlated with patient
perception of improvement in pain,
fatigue, disability, and activity
impairment

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic
autoimmune disease characterized by synovial
inflammation that usually causes progressive
damage to bone and cartilage in multiple joints
with continued disease activity, which may lead
to significant disability [1]. With the use of
advanced medications over the past 2 decades,
many patients experience an acceptable level of
disease control, although it is estimated that
approximately 6% of patients with RA in the
USA (30,000–34,000 patients) have refractory
RA resistant to all current therapies [1, 2]. Risk
factors for refractory RA include female sex,
smoking, obesity, earlier disease onset, longer
time to first treatment, and higher baseline
disease activity [3]. Because these patients have
continued disease activity despite current ther-
apy, they are in need of alternative treatments.

The American College of Rheumatology
(ACR) and the European League Against
Rheumatism (EULAR) both advocate a treat-to-
target approach in treating patients with RA to a
goal of remission or low disease activity (LDA)
if remission is not possible [4, 5]. Conventio-
nal synthetic disease-modifying antirheumatic
drugs are the initial standard-of-care treatment
for RA and should be initiated immediately
following diagnosis [4, 5]. Short-term corticos-
teroid therapy is recommended by EULAR (but
not the ACR) when beginning or changing dis-
ease-modifying antirheumatic drug dosing reg-
imens to reduce inflammation [4–6]. The
literature suggests that current therapies pro-
vide highly variable 1-year remission rates
depending on the therapy and individual
patient characteristics and that persistent dis-
ease activity may result in a significant decrease
in patient function due to progressive bone
erosion [5–7]. For the aforementioned reasons,
there is an unmet need for additional therapies
in patients with refractory RA [5].

Repository corticotropin injection (RCI;
Acthar� Gel) is a complex mixture of naturally
sourced adrenocorticotropic hormone analogs
and other pituitary peptides with anti-inflam-
matory and immunomodulatory effects [8–10].
RCI is indicated for use as a short-term
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adjunctive therapy for acute episodes or exac-
erbations of RA, including juvenile RA [8].
Originally thought to function primarily by
inducing cortisol production from the adrenal
cortex through activation of melanocortin
receptor 2 (MC2R), RCI has been shown to elicit
direct immunomodulatory effects on various
types of immune cells through other melano-
cortin receptors (MCRs) [10–12]. Preclinical
studies have reported that RCI directly inhibits
B cell proliferation [10, 11], antibody produc-
tion [11], and inflammatory cytokine release
from macrophages [12].

In vitro studies have shown that RCI acti-
vates all five MCRs with different binding and
activation profiles than those observed with
synthetic MCR agonists [13]. RCI is a partial
agonist at MC5R and a full agonist at
MC1R–MC4R [11]. RCI demonstrated much
lower agonistic activity at MC2R compared with
synthetic ACTH1–24, and studies in animals and
healthy human subjects have confirmed that
RCI produces substantially lower endogenous
cortisol than synthetic ACTH1–24 [13, 14]. These
data suggest that RCI may have multiple
mechanisms of action, including steroidogenic-
independent direct modulation of immune
cells, that differ from those associated with
other therapies.

The efficacy and general safety of RCI was
reported from a multicenter, randomized, pla-
cebo-controlled, withdrawal clinical trial that
evaluated RCI in the treatment of refractory RA
[15]. With 12 weeks of open-label RCI therapy,
63% of patients experienced LDA, defined by
Disease Activity Score with 28 joint count and
erythrocyte sedimentation rate (DAS28-ESR)\
3.2 [15]. In a double-blind withdrawal period
over 12 weeks, LDA was maintained in 61% of
RCI-treated patients vs 42% receiving placebo
[15]. When Clinical Disease Activity Index
(CDAI) B 10 was used as the LDA definition,
LDA was maintained in 86% of RCI-treated and
66% of placebo-treated patients at week 24 [15].

Multiple patient-reported outcomes (PROs)
were collected during this trial, and analysis
revealed significant improvements with RCI
treatment compared to baseline [15]. After RCI
treatment, both fatigue, evaluated with the
Functional Assessment of Chronic Illness

Therapy-Fatigue (FACIT-F), and disability, eval-
uated using the Health Assessment Question-
naire-Disability Index (HAQ-DI), were reduced
by 39% and 49%, respectively, and remained
lower for 12 weeks after discontinuation of RCI
[15]. In addition, significant improvements
were reported in all four domains of the Work
Productivity and Activity Impairment (WPAI)
scale (work time missed, overall work impair-
ment, impairment while working, and activity
impairment) at week 12 and remained improved
through week 24 [15].

The objective of this post hoc analysis is to
determine the correlation between the clinical
response to RCI treatment and improvements
in PROs [15]. Correlating improvements in
PROs with clinical outcomes provides further
insights into patients’ response to therapy and
its impact on improvements in fatigue, pain,
and disability [16].

METHODS

Study Design

The full clinical trial methodology from which
this post hoc analysis is derived was previously
published [15]. Patients with refractory RA
received open-label RCI treatment (80 U, twice
weekly) for 12 weeks plus their background
medications including glucocorticoids (\ 10 mg
prednisone daily). Patients who experienced a
DAS28-ESR\ 3.2 were classified as LDA
responders. Responders were entered into a
double-blind treatment period and randomized
to continue receiving RCI or switched to pla-
cebo for an additional 12 weeks [15]. PROs were
collected at baseline and every 4 weeks during
the study.

Post Hoc Analyses

PRO scores were analyzed for improvement
from baseline to week 12. PRO domains, their
assessment questionnaires, and minimal clini-
cally important difference (MCID) threshold
values indicating the outcome of ‘‘improve-
ment’’ are as follows: pain—Visual Analog Scale
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(0–100 mm scale), C 10-mm decrease [17, 18];
fatigue—FACIT-F (0–52), C 3-point decrease
[19]; disability—HAQ-DI (0–3), C 0.22 decrease
[17]; and activity impairment—WPAI
(0%–100%), C 7% decrease [15, 20].

Statistical Analyses

Correlation of clinical manifestation to PRO
scores was determined by multivariable linear
regression analysis and standardized coefficient
estimates. Outcomes were defined as changes in
clinical covariates (independent variables) vs
changes in PRO scores (dependent variables)
from baseline to week 12. Clinical covariate
measures included hemoglobin A1c (HbA1c),
C-reactive protein (CRP), erythrocyte sedimen-
tation rate (ESR), tender joint count (TJC),
swollen joint count (SJC), DAS28-ESR, and
CDAI. Multivariable linear regression models
were analyzed for each PRO to control for
patient age, sex, and race/ethnicity. Model
assumptions were assessed using residual plots,
generalized variance inflation factor, and Q–Q
plot; all assumptions were met. DAS28-ESR and
CDAI were highly correlated with TJC and SJC,
resulting in multicollinearity. Separate models
were run for DAS28-ESR, CDAI, TJC, and SJC
against all other covariates to generate individ-
ual estimates; no significant impact was detec-
ted on other covariate estimates. The adjusted
R2 (aR2) estimates were determined using the
DAS28-ESR model. No regression analyses were
performed using WPAI components for impair-
ment while working, overall work impairment,
or work time missed due to low sample size.

The number of PRO outcomes showing
MCID ‘‘improvement’’ vs ‘‘no improvement’’
were compared with clinical correlates at
week 12 and with the change in clinical corre-
lates from baseline to week 12. Group compar-
isons were checked for normality using
Shapiro–Wilk test. For normally distributed
data, group comparisons between DAS28-ESR
‘‘responders’’ vs ‘‘nonresponders’’ and those
reporting PRO improvement vs no improve-
ment were compared using the independent-
samples t test. For nonnormally distributed
groups, the Mann–Whitney U test was used to

confirm significance, unless the sample size was
large enough (n[30 per group) per the central
limit theorem, then values from the indepen-
dent-samples t test were used. Categorical vari-
ables were compared using Pearson’s chi-square
or Fisher’s exact test, as appropriate. All statis-
tical analyses were two-tailed with a significance
level of 0.05. Use of the term ‘‘significant’’
throughout this article refers to statistical sig-
nificance. Statistical analyses were performed
using SAS Enterprise Guide version 7.12 (SAS
Institute) and R, version 3.2.1 (R Foundation for
Statistical Computing).

Ethics and Compliance

This study was performed in accordance with
the ethical principles outlined in the Declara-
tion of Helsinki and its later amendments. The
management of study data conformed to all
applicable Health Insurance Portability and
Accountability Act rules. All data were de-
identified throughout the study to preserve
patient anonymity and confidentiality. This
post hoc study was conducted under the
research exception provisions of the Privacy
Rule, 45 CFR 164.514(e), and was exempt from
institutional review board informed consent
requirements. This study is based on a previ-
ously performed and published study and does
not contain any new human participants.

RESULTS

RCI responders, defined as patients experienc-
ing LDA (DAS28-ESR\3.2) at week 12, reported
significantly greater PRO improvements for
pain, disability, fatigue, activity impairment,
current work impairment, and overall work
impairment than nonresponders (Fig. 1 and
Table 1). Except for work missed, all PRO scores
improved significantly more for responders
than nonresponders from baseline to week 12 of
RCI treatment in both mean PRO scores (Fig. 1)
and change from baseline values (Table 1).

After 12 weeks of RCI treatment, patients
exhibiting MCID improvements in PROs also
displayed significantly greater differences in
mean clinical assessment compared to those
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showing no improvement (Table 2). TJC,
DAS28-ESR, and CDAI values improved signifi-
cantly for every improved PRO. Improvement
in pain, fatigue, and disability significantly
correlated with improvements in SJC and ESR.
No significant differences were observed for
HbA1c and CRP across any of the PROs. Table 2
also shows that more patients reported
improvements in pain (n = 215), fatigue
(n = 181), disability (n = 218), and activity
impairment (n = 201) than those who experi-
enced LDA (n = 163).

Mean changes from baseline to week 12 of
RCI treatment demonstrated that patients
exhibiting improvements greater than the
MCID in each PRO had significantly larger
reductions in DAS28-ESR vs those with no
improvement (Fig. 2a). Patients exhibiting
improvements greater than the MCID in pain,
disability, and activity impairment had a

significantly larger reduction in CDAI vs those
showing less than MCID improvement (Fig. 2b).

Bivariate comparison of mean changes from
baseline to week 12 of RCI treatment in the
individual component measures of DAS28-ESR
(i.e., TJC, SJC, and ESR) with PRO improvement
status showed that significant reductions in TJC
correlated with improved pain and disability
scores (Fig. 3a). Only improvement in pain
correlated with a significantly lower SJC
(Fig. 3b). ESR was reduced significantly for
patients reporting improvement in pain, dis-
ability, and activity impairment (Fig. 3c).

Multivariable linear regression analysis
determined that change from baseline values in
all four PROs evaluated (pain, fatigue, disability,
and activity impairment) correlated with sig-
nificant decreases in TJC, DAS28-ESR, and CDAI
(Table 3). Additionally, change in ESR signifi-
cantly correlated with improvements in pain

Fig. 1 Mean PRO scores at week 12 grouped by respon-
ders (DAS28-ESR\ 3.2) or nonresponders to RCI
treatment. Symbols represent mean change ± 95% confi-
dence interval (CI). Statistical significance was determined
using a two-sample t test for normally distributed data and

Mann–Whitney U test for nonnormally distributed data.
*p\ 0.05, **p\ 0.01, ***p\ 0.001, ****p\ 0.0001.
DAS28-ESR Disease Activity Score with 28 joint count
and erythrocyte sedimentation rate, PRO patient-reported
outcomes, RCI repository corticotropin injection
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and disability but not fatigue or WPAI. Change
in HbA1c, CRP, and SJC were not significantly
correlated with PRO improvements in the
regression analysis (Table 3).

DISCUSSION

A strong correlation between clinical parame-
ters and PROs is important to understand whe-
ther reduction in disease activity translates to
improvement in PROs. It has been shown that
physician-reported clinical metrics such as the
DAS28-ESR and CDAI may not correlate well
with important measures from the patients’

perspective, such as control of pain and fatigue
or maintenance of physical function [21].
Evaluating PROs in the clinic to assess
improvement in quality of life should provide
physicians with a better real-world assessment
of the overall effectiveness of therapy [22].

RCI has demonstrated clinical efficacy in
patients with persistently active RA despite
standard-of-care treatment, including gluco-
corticoids [15]. In this post hoc analysis, clinical
efficacy of RCI significantly correlated with
patient perceptions of improvement in pain,
fatigue, disability, and several measures of
activity impairment. Improvements in PROs,
including fatigue, disability, and activity

Table 1 PRO improvements from baseline to week 12 in RCI responders (DAS28-ESR\ 3.2) and nonresponders

PRO Respondera

Mean change from baseline to
week 12, n

(95% CI)

Nonresponder
Mean change from baseline to
week 12, n

(95% CI)

p valueb

Pain (VAS) - 47.3, n = 163

(- 50.8 to - 43.8)

- 20.3, n = 95

(- 25.5 to - 15.1)

< 0.0001

Disability (HAQ-DI) - 1.0, n = 163

(- 1.1 to - 0.9)

- 0.5, n = 95

(- 0.6 to - 0.4)

< 0.0001

Fatigue (FACIT-F) - 10.3, n = 160

(- 11.6 to - 9.0)

- 5.3, n = 78

(- 6.7 to - 3.9)

< 0.0001

Activity impairment (WPAI-1) - 38.8, n = 160

(- 43.9 to - 34.7)

- 20.6, n = 78

(- 25.7 to - 15.5)

< 0.0001

Current work impairment

(WPAI-2)

- 32.1, n = 34

(- 35.8 to - 28.4)

- 14.5, n = 22

(- 19.2 to - 9.8)

0.010

Overall work impairment

(WPAI-3)

- 32.6, n = 34

(- 37.1 to - 28.1)

- 14.4, n = 22

(- 19.5 to - 9.3)

0.018

Work missed (WPAI-4) - 14.1, n = 36

(- 18.5 to - 9.7)

- 5.3, n = 22

(- 9.6 to - 1.0)

0.195

Values in bold are significant (p\ 0.05)
CI confidence interval, DAS28-ESR Disease Activity Score with 28 joint count and erythrocyte sedimentation rate, FACIT-
F Functional Assessment of Chronic Illness Therapy-Fatigue, HAQ-DI Health Assessment Questionnaire-Disability Index,
PRO patient-reported outcomes, RCI repository corticotropin injection, VAS Visual Analog Scale, WPAI Work Produc-
tivity and Activity Impairment
aResponders are defined as patients who experienced low disease activity with DAS28-ESR score\ 3.2 at week 12 of RCI
treatment
bStatistical significance was determined by independent-samples t test with unequal variance assumption
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impairment, were maintained in the double-
blind withdrawal phase of the clinical trial after
discontinuation of RCI, which suggests sus-
tained quality-of-life improvement for patients
with RA treated with RCI for at least 12 weeks
postwithdrawal [15].

Limitations of this study, aside from this
analysis being post hoc and not prespecified or
properly powered, include that the majority of
patients were of Hispanic/Latino ethnicity and
located in Latin America, which may limit the
generalizability of these results to other

ethnicities and regions of the world [15]. In
addition, PROs can be influenced by numerous

Fig. 2 Mean change in clinical disease severity measure-
ments (DAS28-ESR or CDAI) from baseline to week 12
of RCI treatment grouped by MCID improvement status
for each PRO. Symbols represent mean change ± 95% CI.
Statistical significance was determined using two-sample
t test for normally distributed data and Mann–Whitney
U test for nonnormally distributed data. **p\ 0.01,
***p\ 0.001, ****p\ 0.0001. CDAI Clinical Disease
Activity Index, CI confidence interval, DAS28-ESR
Disease Activity Score with 28 joint count and erythrocyte
sedimentation rate, MCID minimal clinically important
difference, PRO patient-reported outcome, RCI repository
corticotropin injection Fig. 3 Mean change from baseline to week 12 in compo-

nents of the DAS28-ESR grouped according to PRO
MCID improvement status. Symbols represent mean
change ± 95% confidence interval (CI). Statistical signif-
icance was determined using two-sample t test for normally
distributed data and Mann–Whitney U test for nonnor-
mally distributed data. *p\ 0.05, **p\ 0.01,
***p\ 0.001, ****p\ 0.0001. DAS28-ESR Disease Activ-
ity Score with 28 joint count and erythrocyte sedimenta-
tion rate, ESR erythrocyte sedimentation rate, MCID
minimal clinically important difference, PRO patient-
reported outcome
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external factors including psychological distress
and sleep disorders [23].

CONCLUSIONS

The results of this analysis suggest a direct cor-
relation between the clinical responses to RCI
and patient perception of symptom improve-
ment in the treatment of refractory RA.
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