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ABSTRACT

Introduction: We assessed patient-reported
outcomes from a multicenter, randomized,
double-blind, placebo-controlled study of
repository corticotropin injection (RCI; Acthar�

Gel) in patients with persistently active sys-
temic lupus erythematosus (SLE) despite treat-
ment with moderate-dose glucocorticoids.
Methods: The trial enrolled adults with active
SLE and moderate-to-severe rash and/or arthritis
despite use of stable glucocorticoids (7.5 mg/day
to 30 mg/day prednisone equivalent), anti-
malarials, and nonsteroidal anti-inflammatory
drugs for C 4 weeks and/or immunosuppres-
sants for C 8 weeks before screening. Patients
were randomly assigned to 80 U of RCI or pla-
cebo subcutaneously every other day through
week 4, then twice weekly through week 24.

Primary analyses evaluated the change from
baseline to week 24 in the Lupus Quality of Life
(QoL) and Work Productivity and Activity
Impairment (WPAI)-Lupus questionnaires. Post
hoc analyses stratified results by baseline disease
activity (SLE Disease Activity Index-2000 [SLE-
DAI-2K]\10 or C 10; Cutaneous Lupus Ery-
thematosus Disease Area and Severity Index
[CLASI]-Activity\11 or C 11; and British Isles
Lupus Assessment Group [BILAG]-2004\20
or C 20) and by BILAG-based Combined
Lupus Assessment (BICLA) response at weeks 20
and 24.
Results: RCI treatment resulted in greater
improvement in the LupusQoL pain domain at
week 16 and planning domain at week 24 com-
pared with placebo. Post hoc analyses demon-
strated greater improvements with RCI in the
pain, planning, and fatigue domains than with
placebo at multiple time points in patients with
higher disease activity by baseline SLEDAI-2K
C 10, CLASI-Activity C 11, and BILAG-
2004 C 20 and/or in BICLA responders. Com-
pared with placebo, RCI also resulted in greater
improvements in percentage work time missed at
week 24 in patients with baseline CLASI-Activ-
ity\11 and in percentage impairment while
working at week 16 in BICLA responders.
Conclusions: RCI may improve QoL and work
productivity in patients who have persistently
active SLE despite treatment with standard SLE
therapy.
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Key Summary Points

Why carry out this study?

The objective of our 24-week multicenter,
randomized, double-blind, placebo-
controlled study was to determine the
safety and efficacy of repository
corticotropin injection (RCI; Acthar� Gel)
in patients with persistency active
systemic lupus erythematosus (SLE).

The primary results from this study
showed that RCI was associated with
improvements in the 28 Swollen and
Tender Joint Count and Cutaneous Lupus
Erythematosus Disease Area and Severity
Index (CLASI)-Activity scores. Post hoc
analyses found a greater proportion of
British Isles Lupus Assessment Group-
based Combined Lupus Assessment
(BICLA) responders for RCI than for
placebo and a greater SLE Responder
Index-4 response in RCI-treated patients
with baseline SLE Disease Activity Index-
2000 (SLEDAI-2K) C 10, CLASI-
Activity C 11, and British Isles Lupus
Assessment Group (BILAG)-2004 C 20
than in patients with lower disease
activity.

Here we report the patient-reported
outcome results from this study and
further characterize the effects of RCI on
quality of life (QoL) and work productivity
as they relate to baseline disease activity.

What was learned from this study?

Treatment with RCI was associated with
greater improvements in the LupusQoL
pain, planning, and fatigue domains
compared to placebo treatment in
patients with baseline SLEDAI-2K C 10,
CLASI-Activity C 11, and BILAG-
2004 C 20 and/or in BICLA responders.
Treatment with RCI was also associated
with greater improvements in the Work
Productivity and Activity Impairment
(WPAI)-Lupus absenteeism (percentage
work time missed) and presenteeism
(percentage impairment while working)
domains compared to placebo treatment
in patients with baseline CLASI-
Activity\ 11 and in BICLA responders,
respectively.

The improvements in QoL and work
productivity observed in this study further
support the efficacy of RCI for the
treatment of persistently active SLE
despite use of moderate-dose
glucocorticoids.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14054816

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic
autoimmune disorder characterized by wide-
spread inflammation and damage to organs and
tissues [1]. The worldwide prevalence of SLE
varies geographically, with estimated rates
between 3.2 and 517.5 cases per 100,000 indi-
viduals [2]. Its unpredictable disease course can
have devastating socioeconomic implications
for affected individuals and their families [2, 3].
SLE is associated with considerable health care
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costs and reduced quality of life (QoL) due to
work disability and difficulty performing daily
tasks [2]. SLE symptoms, manifestations, and
comorbidities impose a high disease burden
that is not fully captured by disease activity
assessments [2, 4, 5]. Thus, collection of patient-
reported outcomes (PROs) as part of routine
clinical care and clinical trials is important for
gaining a more complete understanding of dis-
ease progression and evaluating treatment
effectiveness [6].

Repository corticotropin injection (RCI;
Acthar� Gel) is US Food and Drug Administra-
tion approved for use during an exacerbation or
as maintenance therapy in select cases of SLE
[7]. RCI is a naturally sourced complex mixture
of adrenocorticotropic hormone analogs and
other pituitary peptides that is thought to
exhibit steroid-dependent and steroid-indepen-
dent anti-inflammatory effects by engaging all
five melanocortin receptors [8–12]. RCI is
effective in the treatment of persistently active
SLE that is not responsive to standard-of-care
therapies [13–17]. An open-label study [13] and
a small pilot study [15] demonstrated signifi-
cant improvements in PROs after treatment
with RCI. These results prompted the evalua-
tion of RCI-dependent effects on QoL in a larger
SLE trial.

We conducted a 24-week multicenter, ran-
domized, double-blind, placebo-controlled
study in patients with persistently active SLE
despite use of moderate-dose glucocorticoids
[17]. RCI-treated patients showed improve-
ments from baseline in the 28 Swollen and
Tender Joint Count and Cutaneous Lupus Ery-
thematosus Disease Area and Severity Index
(CLASI)-Activity scores compared with placebo-
treated patients. Greater benefits of RCI vs.
placebo were noted in post hoc analyses of SLE
Responder Index (SRI)-4 responses in patients
with higher disease activity. The RCI-treated
group had a greater proportion of British Isles
Lupus Assessment Group (BILAG)-based Com-
bined Lupus Assessment (BICLA) responders
compared with the placebo group. Additionally,
we evaluated data from the LupusQoL and
Work Productivity and Activity Impairment
(WPAI)-Lupus questionnaires in RCI-treated
and placebo-treated patients.

The objective of the current publication was
to analyze the PRO results from the study and
report the post hoc analyses that further char-
acterize the RCI-dependent effects on QoL and
work productivity in patients with higher dis-
ease activity.

METHODS

The methods and procedures for the study have
been described in more detail previously
[17, 18].

Ethics and Compliance

The study protocol was approved by the local
ethics committees and institutional review
boards at the individual study sites and by the
Western Institutional Review Board centrally.
Patients were required to provide written
informed consent. The study was conducted in
agreement with requirements of registered
clinical trials (ClinicalTrials.gov identifier
NCT02953821) and with the Declaration of
Helsinki.

Patients

The study was conducted at 54 study sites in five
countries (supplemental Table S1). Investigators
enrolled adults aged C 18 years with active SLE.
SLE was defined as meeting C 4 of 11 American
College of Rheumatology criteria [19]. Active
SLE required an SLE Disease Activity Index-2000
(SLEDAI-2K) [20] score C 6 at screening with a
clinical SLEDAI-2K (excluding laboratory
results) score C 4 at both screening and ran-
domization and moderate-to-severe rash and/or
arthritis on the basis of BILAG-2004 [21] A or B
scores in the mucocutaneous or musculoskeletal
domains at both screening and randomization.
Patients could enroll if they were treated with
glucocorticoids for at least 8 weeks prior to
screening and were receiving stable doses of
7.5–30 mg of daily prednisone equivalent for at
least 4 weeks prior to screening. Additionally,
patients were required to be on stable doses of
antimalarials or nonsteroidal anti-inflammatory
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drugs (NSAIDs) for C 4 weeks and/or immuno-
suppressants for C 8 weeks before screening.
Patients with severe active lupus nephritis
(serum creatinine[2.5 mg/dL, protein-
uria[ 1.5 g/g, or required hemodialysis) or
active central nervous system lupus within
3 months before screening were excluded.

Procedures

Patients were randomly assigned (1:1) to receive
80 U RCI or placebo subcutaneously every other
day for 4 weeks and then twice per week
through week 24. Randomization was stratified
by study site location (US or outside US) and
glucocorticoid dose (prednisone or equivalent
of B 20 mg/day and[20 mg/day). Glucocorti-
coid doses remained stable until week 16. If
clinically indicated, glucocorticoid taper was
permitted between week 16 and week 24 at the
discretion of the investigator. Doses of anti-
malarials, NSAIDs, and immunosuppressants
remained stable throughout the study.

Outcomes

The planned exploratory PRO analyses evalu-
ated the change from baseline to week 24 in
LupusQoL [22] and WPAI-Lupus [23] domains.
The eight domains of the LupusQoL are body
image, burden to others, emotional health, fatigue,
intimate relationships, pain, physical health, and
planning. Patients score their experiences in the
4 weeks prior to the evaluation on a scale of
0–100; lower scores are indicative of poorer
health-related QoL. The four domains of the
WPAI-Lupus are percentage work time missed due
to SLE, percentage impairment while working due to
SLE, percentage overall work impairment due to
SLE, and percentage activity impairment due to SLE.
Each domain scores patients’ self-reported
experiences in the 7 days prior on a scale of
0–100%; higher scores are indicative of greater
impairment.

In post hoc analyses, LupusQoL and WPAI-
Lupus results were evaluated in subgroups
stratified by baseline SLEDAI-2K score (\10
and C 10), baseline CLASI-Activity [24] score
(\11 and C 11), baseline BILAG-2004 score

(\20 and C 20), and BICLA [25] responders and
non-responders—BICLA responders had persis-
tent BICLA responses at both week 20 and week
24.

Statistical Analyses

Analyses were performed in the modified
intention-to-treat (mITT) population (patients
who received at least one dose of study drug and
contributed any postbaseline efficacy data).
Endpoints were analyzed using analysis of
covariance models with the change from base-
line as the dependent variable, treatment as the
factor, and baseline value of the corresponding
endpoint as the covariate and were stratified for
location (US and outside the US) and baseline
prednisone or equivalent glucocorticoid dose
(B 20 mg/day and[ 20 mg/day). Because the
primary endpoint (proportion of patients who
achieved an SRI-4 response at week 16) was not
significantly different (p\ 0.05) between RCI
and placebo, all p values presented here are
nominal and are for information purposes only.

cFig. 1 Change from baseline in the LupusQoL pain
domain by baseline SLEDAI-2K (a), baseline CLASI-
Activity (b), baseline BILAG-2004 (c), and BICLA
response (d), mITT populationa. aPatients who received
C 1 dose of study drug and contributed any postbaseline
efficacy data. MCIDs are based on the definitions proposed
by McElhone et al. [26]. *p\ 0.05 (nominal); **p\ 0.01
(nominal) for the LS mean difference using ANCOVA
models with the change from baseline as the dependent
variable, treatments as the factor, and baseline values of
corresponding endpoints as the covariate, with stratifica-
tion for location (US and outside the US) and baseline
prednisone or equivalent glucocorticoid dose
(B 20 mg/day and[ 20 mg/day). ANCOVA analysis of
covariance, BICLA British Isles Lupus Assessment Group-
based Combined Lupus Assessment, BILAG-2004 British
Isles Lupus Assessment Group-2004, CLASI-Activity
Cutaneous Lupus Erythematosus Disease Severity Index-
Activity, LS least squares, LupusQoL Lupus Quality of Life,
MCID minimal clinically important difference, mITT
modified intention-to-treat, RCI repository corticotropin
injection, SEM standard error of the mean, SLEDAI-2K
Systemic Lupus Erythematosus Disease Activity Index-
2000
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RESULTS

Demographics and baseline disease characteris-
tics for patients in each treatment group have
been previously described [17, 18]. Briefly, the
mITT population (N = 169; RCI, n = 84; pla-
cebo, n = 85) was predominantly female
(91.7%) with a mean age of 39.7 years and a
mean baseline SLEDAI-2K score of 9.9. Most
were of Hispanic or Latino ethnicity (80.5%)
and located outside of the US (66.9%). The
mean baseline prednisone or equivalent gluco-
corticoid dose was 11.1 mg, and most patients
(95.3%) were receiving B 20 mg daily. A list of
prior SLE medications and the percentage of
patients using each drug are provided in sup-
plemental Table S2.

LupusQoL

Of the eight LupusQoL domains, RCI treatment
resulted in greater improvements from baseline
compared to placebo in the pain domain at
week 16 and planning domain at week 24 (sup-
plemental Table S3). Post hoc analyses showed
that RCI-treated patients had greater

improvements from baseline compared with
placebo-treated patients in the pain domain at
several time points in patients with higher
activity scores as follows: at week 24 in the
SLEDAI-2K C 10 subgroup (Fig. 1a), at week 16
and week 24 in the CLASI-Activity C 11
(Fig. 1b) and BILAG-2004 C 20 (Fig. 1c) sub-
groups and at week 16 in BICLA responders
(Fig. 1d). Compared with placebo, greater
improvements from baseline were also observed
for the RCI group in the LupusQoL planning
domain at week 24 in the CLASI-Activity C 11,
BILAG-2004 C 20, and BICLA responder sub-
groups (Fig. 2) and in the fatigue domain at week
16 in the SLEDAI-2K C 10 and CLASI-Activ-
ity C 11 subgroups (Fig. 3). Differences excee-
ded the minimal clinically important difference
(MCID) at all time points in the planned anal-
ysis and at almost all time points in the post hoc
analyses [26].

WPAI-Lupus

The planned analysis and the post hoc analyses
of baseline SLEDAI-2K or BILAG-2004 subgroup
scores showed no differences between the RCI
and placebo groups for any four WPAI-Lupus
domains in the change from baseline through
week 24 (data not shown). However, compared
with placebo, there were greater improvements
in percentage work time missed at week 24 after
RCI therapy in patients with baseline CLASI-
Activity\ 11 (RCI mean change, - 8.4 [SD,
25.1]; placebo mean change, 7.8 [SD, 21.9];
p = 0.0182 for least squares mean difference).
Also compared with placebo, RCI therapy led to
greater improvements from baseline in percent-
age impairment while working at week 16 in
BICLA responders (Fig. 4).

DISCUSSION

In this 24-week randomized, double-blind, pla-
cebo-controlled study, RCI treatment for per-
sistently active SLE despite treatment with
moderate-dose glucocorticoids resulted in
improvements in validated SLE-specific PRO
measures. Our study showed greater improve-
ments from baseline, over the MCID thresholds,

bFig. 2 Change from baseline in the LupusQoL planning
domain by baseline CLASI-activity (a), baseline BILAG-
2004 (b), and BICLA response (c), mITT populationa.
aPatients who received C 1 dose of study drug and
contributed any postbaseline efficacy data. MCIDs are
based on the definitions proposed by McElhone et al. [26].
*p\ 0.05 (nominal); **p\ 0.01 (nominal) for the LS
mean difference using ANCOVA models with the change
from baseline as the dependent variable, treatments as the
factor, and baseline values of corresponding endpoints as
the covariate, with stratification for location (US and
outside the US) and baseline prednisone or equivalent
glucocorticoid dose (B 20 mg/day and[ 20 mg/day).
ANCOVA analysis of covariance, BICLA British Isles
Lupus Assessment Group-based Combined Lupus Assess-
ment, BILAG-2004 British Isles Lupus Assessment Group-
2004, CLASI-Activity Cutaneous Lupus Erythematosus
Disease Severity Index-Activity, LS least squares, Lu-
pusQoL Lupus Quality of Life, MCID minimal clinically
important difference, mITT modified intention-to-treat,
RCI repository corticotropin injection, SEM standard
error of the mean
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in LupusQoL scores for the pain, planning, and
fatigue domains in patients treated with RCI
who had higher disease activity. The pain
domain assessed how often SLE pain interfered
with daily activities, sleep quality, and mobility;
planning assessed how often SLE interfered with
the ability to plan for future events, organize life
efficiently, and commit to social engagements;
and fatigue assessed how often SLE prevented
long periods of concentration, caused feelings
of sluggishness or exhaustion, or contributed to

the need for an early bedtime [22]. These data
suggest that the effects of RCI on QoL measures
may be more pronounced in patients with
higher disease activity at baseline (measured by
SLEDAI-2K, CLASI-Activity, and BILAG-2004
scores) and in BICLA responders. Our study also
showed greater improvements from baseline in
the absenteeism (percentage work time missed)
and presenteeism (percentage impairment while
working) WPAI-Lupus domains for RCI-treated
patients compared to placebo-treated patients.

Fig. 3 Change from baseline in the LupusQoL fatigue
domain by baseline SLEDAI-2K (a) and baseline CLASI-
activity (b), mITT populationa. aPatients who received
C 1 dose of study drug and contributed any postbaseline
efficacy data. MCIDs are based on the definitions proposed
by McElhone et al. [26]. *p\ 0.05 (nominal) for the LS
mean difference using ANCOVA models with the change
from baseline as the dependent variable, treatments as the
factor, and baseline values of corresponding endpoints as
the covariate, with stratification for location (US and

outside the US) and baseline prednisone or equivalent
glucocorticoid dose (B 20 mg/day and[ 20 mg/day).
ANCOVA analysis of covariance, CLASI-Activity Cuta-
neous Lupus Erythematosus Disease Severity Index-Activ-
ity, LS least squares, LupusQoL Lupus Quality of Life,
MCID minimal clinically important difference, mITT
modified intention-to-treat, RCI repository corticotropin
injection, SEM standard error of the mean, SLEDAI-2K
Systemic Lupus Erythematosus Disease Activity Index-
2000
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As seen for the LupusQoL, differences from
placebo were more apparent in patients with
baseline CLASI-Activity\ 11 and in BICLA
responders. For patients with higher disease
activity, treatment with RCI may reduce the
amount of work time missed due to SLE and
may increase the amount or type of work that
patients with SLE are able to complete.

Few randomized clinical trials for SLE have
reported LupusQoL or WPAI-Lupus results
[27, 28]. This is the first randomized study to
report LupusQoL or WPAI-Lupus results after
treatment with RCI. A previous open-label
study of RCI showed significant improvements
from baseline to day 28 in a 16-item adapted
QoL scale and from baseline to day 14 and day
28 in the Functional Assessment of Chronic
Illness Therapy (FACIT)-Fatigue scale [13]. A
randomized, placebo-controlled pilot study
showed greater improvements in the Medical
Outcomes Survey Short Form (SF)-36 for RCI-
treated patients than for those receiving placebo
after 4 weeks of treatment [15]. LupusQoL and
SF-36 data are comparable in evaluating QoL
improvements for patients with SLE [29]. How-
ever, LupusQoL is an SLE disease-specific

measure of QoL. Similar to our study, both the
open-label study and the pilot study included
patients who had persistently active SLE despite
receiving standard-of-care treatments [13, 15].
These data suggest that RCI may improve SLE-
related QoL and impairments beyond the
improvements provided by background gluco-
corticoid and other standard-of-care treatments.
Notably, previous studies have demonstrated
that RCI induces an endogenous cortisol
response that is comparable to low-to-moderate
daily glucocorticoid doses [30]; thus, the use of
RCI instead of increasing glucocorticoid doses
in persistently active disease may be advanta-
geous for reducing steroid exposure while still
providing clinical benefit. Additionally, these
data suggest that RCI may have greater benefit
in patients with higher disease activity.

Limitations of the primary study have been
described previously [17, 18]. As a post hoc
analysis, this study is inherently subject to
subgroup selection bias. However, baseline dis-
ease measurements in the primary study were
balanced across RCI and placebo groups [17].
Still, these post hoc results should be inter-
preted with caution and warrant investigation

Fig. 4 Percentage change from baseline in the WPAI-
Lupus percentage impairment while working domain by
BICLA response, mITT populationa. aPatients who
received C 1 dose of study drug and contributed any
postbaseline efficacy data. **p\ 0.01 (nominal) for the LS
mean difference using ANCOVA models with the change
from baseline as the dependent variable, treatments as the
factor, and baseline values of corresponding endpoints as
the covariate, with stratification for location (US and

outside the US) and baseline prednisone or equivalent
glucocorticoid dose (B 20 mg/day and[ 20 mg/day).
ANCOVA analysis of covariance, BICLA British Isles
Lupus Assessment Group-based Combined Lupus Assess-
ment, LS least squares, mITT modified intention-to-treat,
RCI repository corticotropin injection, SEM standard
error of the mean, WPAI-Lupus Working Productivity
and Activity Impairment-Lupus
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in a randomized clinical trial in which disease
activity subgroups have been determined a
priori.

CONCLUSIONS

RCI treatment was associated with improve-
ments in LupusQoL pain, planning, and fatigue
domains and in the WPAI-Lupus percentage work
time missed and percentage impairment while
working domains compared with placebo. These
results suggest that RCI may improve QoL and
work productivity in patients with persistently
active SLE despite treatment with moderate-
dose glucocorticoids, particularly in those with
higher disease activity.
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