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ABSTRACT

Systemic lupus erythematosus (SLE) is a chronic
autoimmune disorder that affects multiple
organ systems. The most prevalent manifesta-
tions include constitutional symptoms, arthri-
tis, and rash. An SLE flare is defined as a
measurable increase in disease activity that may
prompt a change in treatment. According to the
European Alliance of Associations for Rheuma-
tology guidance, SLE treatments should be
aimed at reducing disease activity and flares, as
well as preventing organ damage. Standard-of-
care treatment of SLE includes glucocorticoids,
but their long-term use is associated with dam-
age accrual. Repository corticotropin injection
(RCI; Acthar® Gel) is a naturally sourced com-
plex mixture of adrenocorticotropic hormone
analogs and other pituitary peptides that has
anti-inflammatory and immunomodulatory
effects beyond its steroidogenic effect, and has
been US Food and Drug Administration—
approved for the treatment of SLE flares and as a
maintenance therapy. This review summarizes
data from three clinical trials that evaluated the
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efficacy and safety of RCI in the treatment of
patients with moderate-severe refractory SLE.
These clinical trials confirmed that RCI
improved global disease activity scores and
some SLE clinical manifestations. Analysis of
pooled data from these trials showed that RCI
treatment significantly improved the British
Isles Lupus Assessment Group 2004 (BILAG-
2004) index scores after 8 weeks of treatment,
and tender and swollen joint counts after
4 weeks. These clinical trials demonstrated an
acceptable safety profile with few serious
adverse events reported. The distinct mecha-
nisms of action from standard-of-care therapies
and the favorable safety and good efficacy pro-
files support the use of RCI as therapy for
patients with refractory SLE.
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Key Summary Points

Many patients with systemic lupus
erythematosus (SLE) have refractory
disease that is not responsive to standard-
of-care therapies, such that alternative
treatments are needed.

Repository corticotropin injection (RCI;
Acthar® Gel) is a naturally sourced
complex mixture of adrenocorticotropic
hormone analogs and other pituitary
peptides indicated for the treatment of
SLE that has anti-inflammatory and
immunomodulatory effects beyond its
steroidogenic effect.

The clinical trial results and the pooled
data analysis presented here demonstrate
that RCI treatment provided early
reduction in the SLE Disease Activity
Index (SLEDAI), the British Isles Lupus
Assessment Group 2004 (BILAG-2004)
index, and swollen and tender joint
counts.

Treatment with RCI showed an
acceptable safety profile with generally
mild-moderate adverse events and few
serious adverse events.

The data reported in these clinical trials
suggest that RCI may be safe and effective
for the treatment of moderate-severe
refractory SLE.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic
autoimmune disorder with an unpre-
dictable course and the potential for affecting
multiple organ systems [1, 2]. The most com-
mon manifestations of SLE are fatigue, arthritis,
and rash [1, 3-6]. Like other autoimmune dis-
orders, SLE has a relapsing-remitting or a
chronic progressive course with fluctuating
disease activity. SLE flares are measurable

exacerbations of disease activity in one or more
organ systems [7]. Most patients with SLE have
recurrent disease flares [8]. Risk factors for
repeated SLE flares include African American
race, male sex, disease onset at < 25 years of age,
presence of neuropsychiatric symptoms,
cytopenia, nephritis, vasculitis, and poor treat-
ment adherence [8]. Triggers include sun expo-
sure, medication changes, hormonal changes,
and infections [2]. Preventing and reducing
damage accrual is a primary goal of SLE treat-
ment, and this is best achieved by reducing
disease activity, preventing flares, and mini-
mizing steroid use [8].

The pathophysiology of SLE is not entirely
understood [1, 9]. Environmental, hormonal,
and genetic factors lead to abnormal innate and
adaptive immune responses, production of
auto-antibodies, inflammation, tissue damage,
and the clinical manifestations of SLE [1, 2].
Dysregulated and hyper-reactive Bcells are
central to the immune dysfunction in SLE
[10, 11]. B cells serve as antigen-presenting cells
(of self-antigens in SLE) and produce auto-anti-
bodies, leading to overexpression of pro-in-
flammatory cytokines including tumor necrosis
factor a (TNF-a), interleukin (IL)-6, IL-10, B cell
activating factor (BAFF), and a proliferation-
inducing ligand (APRIL) [11, 12].

This review summarizes the evidence sup-
porting the use of repository corticotropin
injection (RCI; Acthar® Gel) as a treatment
option for SLE from studies published after
2010. This manuscript is based on previously
performed and published studies and does not
contain any new human participants or animal
studies performed by any of the authors.

STEROIDS ARE A STANDARD
TREATMENT OPTION FOR SLE

The selection of therapies for SLE is determined
by the disease manifestations, their severity,
and comorbidities [1]. In general, treatment of
SLE is divided into two phases: induction of
remission/low disease activity and mainte-
nance. Based on the recent guidelines from the
European Alliance of Associations for Rheuma-
tology and others, treatment goals are to lower
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disease activity, achieve remission, and prevent
flares in order to reduce cumulative organ
damage, morbidity, and mortality [13-135].
These treatment guidelines recommend anti-
malarials and glucocorticoids as first-line ther-
apies, whereas immunosuppressants and
biologics are administered to those with disease
that is more difficult to treat [13-15]. Subopti-
mal response rates and treatment side effects,
especially those adverse events (AEs) caused by
steroids, underscore the need for safer and more
effective therapies [12]. Chronic glucocorticoid
use may contribute to hypertension (> 30%),
cataracts, osteoporosis (21-30%), hyper-
glycemia (fourfold increase), cardiovascular
events (4%), Cushingoid appearance (4-70%),
psychiatric manifestations, and/or avascular
necrosis [16, 17]. It is estimated that approxi-
mately 80% of the damage that occurs in SLE
can be attributed to steroid exposure [18].
Despite these substantial risks, steroids have
been transformative in the care of patients with
inflammatory diseases. However, many patients
who receive treatment with maximized stan-
dard-of-care therapies, including glucocorti-
coids, may continue to experience SLE flares.
Therefore, alternative treatments for refractory
SLE are needed.

RCI FOR THE TREATMENT OF SLE

RCI is a naturally sourced complex mixture of
adrenocorticotropic hormone analogs and
other pituitary peptides that is US Food and
Drug Administration-approved for the treat-
ment of SLE flares and as a maintenance therapy
[19]. As an agonist of all five melanocortin
receptors (MCRs), RCI likely provides thera-
peutic efficacy in the treatment of SLE via
multiple mechanisms of action. Preclinical
studies have shown that RCI is a full agonist of
MCI1R, MC2R, MC3R, and MC4R and a partial
agonist of MCSR [20]. The anti-inflammatory
mechanism of action for RCI was originally
thought to be via activation of MC2R on
adrenocortical cells, which stimulates produc-
tion of endogenous cortisol; however, recent
evidence has shown that RCI has relatively low
agonistic activity of MC2R [20, 21]. This is

supported by studies in animals [20] and heal-
thy human subjects [21, 22], which showed
lower levels of endogenous corticosteroid pro-
duction after administration of RCI compared
to synthetic ACTH;_»4 (Fig. 1).

In vitro and animal studies have demon-
strated direct, steroidogenesis-independent,
immunomodulatory effects of RCI [10, 22-26].
Studies of human B cells reported that RCI
inhibits their activation and proliferation and
reduces immunoglobulin G (IgG) production
[23, 25]. In human monocyte-derived macro-
phages, RCI directly reduced inflammatory
cytokine release, including TNF-a and IL-6 [26].
Mouse models of SLE have shown that RCI
treatment significantly reduced levels of splenic
follicular and germinal center B cells, as well as
T helper and dendritic cells [10, 24]. Taken
together, preclinical evidence supports that RCI
functions through multiple, direct, non-
steroidogenic mechanisms in different immune
cell types (Fig. 2). Additional studies are needed
to demonstrate a direct immunomodulatory
effect of RCI in patients with SLE.

To our knowledge, head-to-head mechanis-
tic studies of RCI versus glucocorticoids have
not been performed. While both have anti-
inflammatory effects, the molecular mecha-
nisms are different. Glucocorticoids activate the
glucocorticoid receptor [27], and RCI activates
MCRs [20], likely inducing different signaling
mechanisms. How MCR versus glucocorticoid
receptor signaling causes different
immunomodulatory or anti-inflammatory
responses is currently unclear. While RCI does
stimulate glucocorticoid release from the adre-
nal cortex, the cortisol levels are relatively low
(as shown in Fig. 1). Therefore, it has been
hypothesized that the primary mechanism of
action for RCI may be through direct modula-
tion of immune cell activity, as most immune
cells express MCRs [23, 25, 28].

Studies on the molecular and cellular mech-
anisms of RCI are sparse; however, clinical
studies have supported that RCI has a unique
mechanism of action that differs from gluco-
corticoids, since RCI has demonstrated efficacy
in subjects with refractory inflammatory dis-
eases despite receiving glucocorticoid treatment
[29-31]. A recent systematic review comparing
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Fig. 1 Baseline-corrected plasma free cortisol concentra-
tions in healthy human subjects after RCI or synthetic
ACTH);_,4 depot administration on study day 1 (A) and
day 4 (B); baseline-corrected free cortisol concentrations
were calculated by subtracting the time-matched baseline
(day—1) free cortisol concentrations from the respective
day 1 and day 4 free cortisol concentrations for each study

the safety of RCI with glucocorticoids in the
treatment of rheumatoid arthritis demonstrated
that RCI has a more favorable safety profile with
fewer AEs compared to glucocorticoids, further
suggesting that RCI has a unique mechanism of
action beyond its steroidogenic effects [31].

As reported by three recent clinical trials, RCI
demonstrated efficacy in patients with SLE that
had not responded to standard-of-care thera-
pies, including glucocorticoids (summarized in
Table 1) [29, 32-35]. Additionally, two retro-
spective chart reviews found that RCI improved

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours postdose)

drug. The basal range of plasma free cortisol concentration
(02-23.0 ng/mL) is shaded gray. ACTH, ,4 first 24
amino acids of adrenocorticotropic hormone, RCI repos-
itory corticotropin injection, SEM standard error of the
mean. Reproduced from Poola et al. [22] under the CC
BY-NC-ND 4.0 open access license

disease activity scores in patients with SLE that
had not responded to standard SLE therapies
(36, 37].

The efficacy and safety of RCI in reducing
disease activity, when used as an adjunctive
treatment in patients with moderate-severe
SLE, was evaluated in a 28-day open-label study
in 10 female patients [32], followed by a
6-month extension in 5 female patients [33].
Outcomes included physician (PGA) and
patient global assessments (PtGA); SLE Disease
Activity Index-2000 (SLEDAI-2K); British Isles
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Fig. 2 Mechanisms of action for RCIL. GC glucocorticoid, IgG immunoglobulin-G, IL-6 interleukin 6, MCIR melanocortin
receptor 1, MC2R melanocortin receptor 2, RCI repository corticotropin injection, TNF tumor necrosis factor

Lupus Assessment Group 2004 (BILAG-2004)
index; swollen, tender, and total joint counts;
Lupus Quality of Life (Lupus QoL) question-
naire; Functional Assessment of Chronic Illness
Therapy-Fatigue (FACIT-F) questionnaire; ery-
throcyte sedimentation rate (ESR); and C-reac-
tive protein (CRP) [32, 33]. Outcomes were
assessed weekly for 28 days, then every
3months for 6 months. The study results
showed that SLEDAI-2K scores (primary end-
point) significantly improved from baseline at
day 28, month 3, and month 6 [32, 33]. Sig-
nificant improvements in all clinical outcome
measures, except CRP, were observed at day 28,
whereas tender joint count, swollen joint count,
and the combined total joint count also signif-
icantly improved from baseline at month 3 and
month 6 [32, 33]. No serious adverse events
(SAEs) after RCI initiation were reported in
these studies [32, 33]. These results suggested

that RCI may significantly and safely reduce SLE
disease activity among patients who were not
responsive to conventional treatments.

A pilot study [34] and post hoc analyses [35]
assessed the efficacy and safety of RCI in
patients with glucocorticoid-treated SLE over an
8-week double-blind, placebo-controlled period,
and an optional 44-week open-label extension
period. Although the proportion of patients
showing a response to treatment based on a
hybrid SLEDAI (hSLEDAI) measured at week 4
(primary endpoint) did not reach statistical
significance, several secondary endpoints were
attained (BILAG-2004; Cutaneous Lupus Ery-
thematosus Disease Area and Severity Index
[CLASI]-Activity; tender and swollen joint
count; PGA). Several post hoc analyses have
demonstrated that RCI treatment was associ-
ated with improvements in disease activity
measures in patients with persistent disease
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Table 2 TEAEs and SAEs reported by Askanase et al. [31] during 16 weeks of treatment with RCI or placebo
No. (%) of patients
RCI (2 = 86) Placebo (2 = 86)
Any AE 61 (70.9) 55 (64.0)
Most common TEAEs (> 3% in either treatment group)
Upper respiratory tract infection 9 (10.5) 1(12
Insomnia 7 (8.1) 4 (4.7)
Headache 6 (7.0) 5 (5.8)
Hypertension 6 (7.0) 0
Urinary tract infection 6 (7.0) 10 (11.6)
Herpes zoster 4 (4.7) 0
Influenza 4 (4.7) 2 (2.3)
Nasopharyngitis 3 (3.5) 6 (7.0)
Urticaria at the injection site 3 (3.5) 1(1.2)
Bronchitis 3 (3.5) 0
Hyperglycemia 3 (3.5) 0
Nausea 2 (2.3) 3 (3.5)
Gastroenteritis 1(1.2) 3 (3.5)
SAEs 4 (4.7) 8 (9.3)
SLE flare 2 (2.3) 1(1.2)
Herpes zoster 1(12) 0
Nephrotic syndrome 1(1.2) 0
Appendicitis 0 1(1.2)
Drug abuse 0 1(1.2)
Gastroenteritis 0 1(1.2)
Peritonitis 0 1(1.2)
Pneumonia 0 1(1.2)
Pyelonephritis 0 1(1.2)
Soft tissue infection 0 1(1.2)

AE adverse event, RCI repository corticotropin injection, SAE serious adverse event, SLE systemic lupus erythematosus,

TEAE treatment-emergent adverse event
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Fig. 3 Pooled data analysis of 28-joint count (tender and
swollen) total scores by visit. RCI repository corticotropin
injection. Data were pooled from a recent clinical trial
(Askanase et al. [29]) and a pilot study (Furie et al. [34]).
Symbols represent mean change == SEM. Data were ana-
lyzed using analysis of covariance models with the change
from baseline as the dependent variable, treatment as the
factor, and baseline value of the corresponding endpoint as
the covariate. Data were adjusted for the stratification
variables used for randomization, location (US and outside
the US), and prednisone equivalent dose (<20
and > 20 mg/day)

activity  despite  glucocorticoid treatment
[34, 35]. No new safety signals were identified,
although the incidence of infections was higher
in the RCI group than in the placebo group; the
most common treatment-emergent AE after
administration of RCI was weight gain [34, 35].

A multicenter, double-blind, randomized,
placebo-controlled study [29] evaluated the
efficacy and safety of RCI in patients with per-
sistently active SLE despite the use of moderate-
dose glucocorticoids. Although the proportion
of SLE Responder Index-4 (SRI-4) responders at
week 16 (primary endpoint) did not reach sta-
tistical significance, there were improvements
for subjects treated with RCI versus placebo in
the secondary endpoints of 28 swollen joint
count/tender joint count and CLASI-Activity
scores [29]. Post hoc analyses of data from sub-
jects with high levels of disease activity revealed
significantly more SRI-4 responders among
those who received RCI versus placebo [29]. RCI
treatment resulted in a greater number of
BILAG-based Combined Lupus Assessment
(BICLA) responders than placebo in a post hoc

mm RCI (n=109)
B Placebo (n=96)

o
o
(2]
(")
s
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(=]
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S -8
m
p=0.01
Week 4 Week 8

Fig. 4 Pooled data analysis of BILAG-2004 total scores by
visit. BILAG-2004 British Isles Lupus Assessment Group-
2004 index, RCI repository corticotropin injection. Data
were pooled from a recent clinical trial (Askanase et al.
[29]) and a pilot scudy (Furie et al. [34]). Symbols
represent mean change &= SEM. Data were analyzed using
analysis of covariance models with the change from
baseline as the dependent variable, treatment as the factor,
and baseline value of the corresponding endpoint as the
covariate. Data were adjusted for the stratification variables
used for randomization, location (US and outside the US),
and prednisone equivalent dose (< 20 and > 20 mg/day)

analysis of the modified intention-to-treat
population [29]. Further, cytokine analysis
showed that BAFF levels significantly decreased
from baseline values in subjects receiving RCI
compared to the placebo group [29]. BAFF
increases B cell activity and function and is
central to the pathophysiology of SLE [38].
Therefore, the reduction of BAFF after treatment
of SLE with RCI may contribute to the observed
clinical outcomes of reduced disease activity.
Safety results were consistent with the
established safety profile of RCI, and no new
safety signals were observed [29]. The most
common AEs reported by patients treated with
RCI were upper respiratory tract infection,
insomnia, headache, hypertension, and urinary
tract infection; SAEs included SLE flare, herpes
zoster, hyperglycemia, and nephrotic syndrome
(Table 2) [29]. Notably, more subjects treated
with RCI reported hypertension and hyper-
glycemia, whereas twice as many subjects in the
placebo group reported SAEs (Table 2) [29]. No
changes in the bone turnover markers N-ter-
minal propeptide of type I collagen (PINP) and
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C-terminal crosslinking telopeptide of type I
collagen (CTX-I) were observed, suggesting that
RCI treatment had no adverse effect on bone
[29].

Post hoc analyses of these clinical trial data
[29] further investigated the molecular and
cellular biomarkers underlying the effects of
RCI on B cell immunomodulation [39]. Data
were analyzed in subgroups stratified by disease
activity at baseline, comparing results from
subjects with SLEDAI-2K > 10 versus SLEDAI-
2K < 10 or anti-dsDNA > 15 IU/mL versus anti-
dsDNA < 15 IU/mL or from BICLA responders
versus BICLA nonresponders [39]. BAFF levels
were reduced from baseline with RCI treatment
compared with placebo in nearly every sub-
group, and time point analyzed [39]. Lower
levels of IL-6 were observed in patients treated
with RCI versus placebo at most time points
across all disease-activity subgroups [39]. RCI
treatment decreased numbers of CD19" B cells
in all subgroups at weeks 16 and 24 compared
with placebo in patients with high disease
activity [39]. RCl-treated subjects with high
baseline disease activity showed lower levels of
CD19%1gD~CD27 - CD95" atypical activated
memory B cells than placebo-treated subjects;
similar results were noted in BICLA nonre-
sponders [39]. Elevated levels of CD19" B cells
or CD19"IgD"CD27 CD95% memory B cells
correlate with increased SLE disease activity
[40, 41]; therefore, this reduction in B cells with
RCI therapy may provide insights into the
clinical outcomes observed in the clinical trial
and the mechanisms of action of RCI [29].
Analysis of complement levels revealed that,
after RCI treatment, C3 and C4 levels increased
in subjects with high baseline disease activity.
Since complement C3 and C4 are often low in
patients with immune-mediated diseases, these
results suggest that RCI may restore normality
of the complement system in patients with SLE
[39].

Patient-reported outcomes from subjects in
the aforementioned clinical trial [29] were
analyzed using the Lupus QoL questionnaire
and the Work Productivity and Activity
Impairment (WPAI)-Lupus questionnaire [42].
Post hoc analysis wuncovered significant
improvements with RCI treatment in quality of

life and work productivity, particularly in
patients with high disease activity. Compared
with placebo, subjects treated with RCI reported
significant improvements in the Lupus QoL
pain, planning, and fatigue domains and in the
domains of WPAI-Lupus percentage impairment
while working and percentage work time missed
[42].

To further define the effects of RCI in a larger
population of patients with SLE, data from week
4 and week 8 of the clinical trial [29] were
pooled with those from the pilot study [34].
Analysis of the pooled data revealed a signifi-
cantly larger reduction from baseline in 28-joint
count (tender and swollen) total scores (Fig. 3)
and BILAG-2004 total scores (Fig. 4) in subjects
receiving RCI than in those receiving placebo.

Pooled data analyses also demonstrated
greater reductions from baseline in SLEDAI
(SLEDAI-2K and hSLEDAI), CLASI-Activity, and
PGA scores in the RCI group compared with the
placebo group (Table 3). A greater proportion of
SRI-4 and BICLA responders were observed with
RCI treatment compared with placebo (Table 4).

DISCUSSION

This article provides a review of the recently
published data on RCI in SLE. The results of
pooled data from a pilot study and a clinical
trial revealed early improvement in the 28-joint
counts (total and swollen) and BILAG-2004
scores in patients with SLE receiving RCI, as well
as greater proportions of SRI-4 and BICLA
responders in the RCI group compared with
placebo, supporting a role for RCI in the treat-
ment of SLE.

No new safety signals were observed in these
clinical trials, comparable to composing the
long-established safety profile of RCI, and few
SAEs were observed [29, 32-37]. Treatment-
related SAEs included chest discomfort/
gastroesophageal disease, pelvic abscess, and
pyelonephritis [34, 35]. A 26-week study of RCI
for the treatment of rheumatoid arthritis in 259
subjects reported a similar low frequency of
SAEs: 1 case each of chest pain, craniocerebral
injury, and pneumonia [31, 43]. The accept-
able safety profile of RCI is advantageous when

I\ Adis



3100

Adv Ther (2022) 39:3088-3103

considering patients with refractory SLE who
require additional therapies or increased doses
of corticosteroids.

RCI likely derives its efficacy via activation of
all five MCRs [20, 32, 37]. In vitro studies have
found that treatment with RCI directly reduced
cytokine release from macrophages [26] and
inhibited B cell proliferation [23]. In the clinical
trial, patients with SLE treated with RCI had
reduced levels of IL-6 and BAFF [39]. Elevated
levels of IL-6 in patients with SLE result in sys-
temic and local inflammatory effects, including
induction of leukocyte differentiation (B and T
cells) and proliferation (T cells and macro-
phages), autoantibody  production, and
increased SLE disease activity [44]. Dysfunc-
tional BAFF signaling underlies mouse models
of SLE, in which increased BAFF levels cause an
SLE-like autoimmune disease, and reduced BAFF
levels cause immunodeficiency [38]. BAFF is
primarily secreted by macrophages, dendritic
cells, and neutrophils and activates multiple
BAFF-receptor subtypes expressed on B cells,
increasing their maturation and survival [38].
Notably, treatment of patients with SLE
with RCI reduced total B cells (CD19")
and atypical activated memory B cells
(CD19"1gD~CD27-CD95%) [39], which corre-
late with SLE disease activity [39-41]. Together,
these data suggest that RCI effects on IL-6 and
BAFF signaling may reduce activated B cells
[29, 39].

While glucocorticoids are central to the
treatment of SLE, the long-term side effects,
such as hypertension, osteoporosis, diabetes,
and their contribution to organ damage accrual,
limit their use [16-18]. Despite standard treat-
ment, many patients experience continued
disease activity and SLE flares and require
additional therapies. Patients with SLE showed
improvement in disease activity scores and
clinical outcomes after treatment with RCI in
addition to stable doses of glucocorticoids
(7.5-30 mg prednisone equivalent) [29, 32-37],
suggesting that the effectiveness of RCI is due to
a mechanism that is additive to or separate from
its classical steroidogenic mechanism of action
via MC2R activation in the adrenal cortex.
Additionally, RCI may have a steroid-sparing
effect, as reported by Fietchner et al. [33] and Li

et al. [37]. While data are limited, the current
review supports the positive effects of RCI in the
treatment of SLE and substantiates the need for
a larger clinical trial to further define the role of
RCI in SLE and to assess its potential to be a
safer alternative to the current glucocorticoid
regimens.

CONCLUSIONS

There are unmet needs in the treatment of SLE,
especially for patients who continue to experi-
ence flares despite receiving standard-of-care
therapies. Currently, there is no defined role for
RCI in SLE clinical guidelines. The data pre-
sented here suggest that RCI may be a safe and
effective adjunctive treatment for patients with
refractory SLE. The unique mechanism of action
of RCI provides an alternative treatment option
for patients with insufficient disease control
using current standard-of-care treatments.
Given its few treatment-related SAEs, positive
efficacy results, and distinct mechanisms of
action, clinicians may consider using RCI as an
early-line therapy, particularly for patients with
refractory SLE.
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