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ABSTRACT

Introduction: We assessed the efficacy and
safety of repository corticotropin injection (RCI;
Acthar� Gel) for persistently active systemic
lupus erythematosus (SLE) despite use of mod-
erate-dose glucocorticoids.
Methods: This multicenter, double-blind, ran-
domized, placebo-controlled study enrolled
patients C 18 years with active SLE and moder-
ate to severe rash and/or arthritis despite
stable glucocorticoid doses (7.5–30 mg/day pred-
nisone equivalent) and antimalarials for C
4 weeks and/or immunosuppressants for C 8
weeksbeforescreening.Stableglucocorticoiddoses

were required throughweek16withoptional taper
from weeks 16 to 24. Patients were randomized
(1:1) to 80 U RCI subcutaneously or placebo every
other day toweek 4, then twiceweekly toweek 24.
Endpoints included the proportion of SLE
Responder Index (SRI)-4 responders at week 16;
changes from baseline to week 16 in 28 Swollen
Joint Count/Tender Joint Count (28 SJC/TJC) and
Cutaneous Lupus Erythematosus Disease Area and
Severity Index (CLASI)-Activity score; and changes
from baseline to week 24 in inflammatory cyto-
kines. Safety was assessed by adverse events.
Results: In the modified intention-to-treat popu-
lation (RCI, n = 84; placebo, n = 85), the propor-
tion of SRI-4 responders at week 16 was not
significantly different between groups (RCI,
47.6%; placebo, 43.5%; OR [95% CI] 1.2 [0.6 to
2.2]; p = 0.5762). RCI treatment resulted in a
reduction from baseline to week 16 in 28 SJC/TJC
and CLASI-Activity score and from baseline to
week 8 in B-cell activating factor cytokine. Post hoc
analyses demonstrated a greater proportion of
BILAG-based Combined Lupus Assessment
responders forRCI thanplaceboatweeks4, 12, and
20 and greater SRI-4 response in RCI-treated
patients with baseline SLE Disease Activity Index-
2000 C 10 and CLASI-Activity C 11. No new
safety signals were identified.
Conclusions: Despite failure to achieve the
primary endpoint, these results support the
utility of RCI for treating persistently active SLE.
Trial Registration: ClinicalTrials.gov identifier
NCT02953821.
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Key Summary Points

Why carry out this study?

Repository corticotropin injection (RCI;
Acthar� Gel) is currently approved for use
during exacerbations and as maintenance
therapy for systemic lupus erythematosus
(SLE).

Findings from a prospective phase 4 study
and subsequent post hoc analyses
suggested that RCI is safe and may be
effective for treating patients who have
persistently active SLE despite treatment
with moderate-dose glucocorticoids.

These results provided the basis for further
evaluation in this larger, multicenter,
double-blind, randomized, placebo-
controlled study of the safety and efficacy of
RCI for the treatment of persistently active
SLE.

What was learned from the study?

Treatment with RCI was associated with
improvements of several clinical and
pharmacodynamic endpoints: 28 Swollen
Joint Count/Tender Joint Count,
Cutaneous Lupus Erythematosus Disease
Area and Severity Index-Activity (CLASI-
Activity) scores, and levels of B-cell
activating factor cytokine. Post hoc analyses
demonstrated a greater proportion of
British Isles Lupus Assessment Group-
based Combined Lupus Assessment
(BICLA) responders for RCI than for
placebo and greater SLE Responder Index
(SRI)-4 response in RCI-treated patients
with baseline SLE Disease Activity Index-
2000 C10, CLASI-Activity C11, British Isles
Lupus Assessment Group-2004 C20, and
complement component 4\17mg/dl than
in patients with lower disease activity.

The favorable BICLA response observed
with RCI for the entire population in
combination with benefits seen with SRI-4
in patients with high levels of baseline
disease activity support the value of RCI
for the treatment of persistently active SLE
despite background glucocorticoids.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12951239.

INTRODUCTION

Systemic lupus erythematosus (SLE) is an
autoimmune disease characterized by inflam-
mation that leads to organ damage and pre-
mature death [1]. Multiple factors guide
therapeutic decisions in SLE, including disease
severity, comorbidities, and the affected organs
[2, 3]. Despite treatment that includes nons-
teroidal anti-inflammatory drugs (NSAIDs),
glucocorticoids, antimalarials, and immuno-
suppressants, there exists a great unmet need in
SLE for more efficacious and safer therapies [3].

Repository corticotropin injection (RCI;
Acthar� Gel) is approved by the United States
Food and Drug Administration for use during
an exacerbation or as maintenance therapy in
SLE [4]. RCI is a naturally sourced complex
mixture of adrenocorticotropic hormone ana-
logues and other pituitary peptides that inter-
acts with all five melanocortin receptors,
resulting in the activation of several anti-in-
flammatory pathways through both glucocorti-
coid-dependent and glucocorticoid-
independent mechanisms [5–9].

The effectiveness of RCI for the treatment of
SLE has been demonstrated in previous clinical
studies [10–12]. Findings from a pilot study [11]
and subsequent post hoc analyses [12] sug-
gested that RCI is safe and may be effective for
treating patients who have persistently active
SLE despite treatment with moderate-dose
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glucocorticoids. These results provided the
impetus for further evaluation of RCI in a larger
study of SLE.

The purpose of the current multicenter,
randomized, double-blind, placebo-controlled
trial was to provide additional data regarding
the efficacy and safety of RCI in the treatment
of SLE. The objective was to assess the ability of
RCI to reduce SLE disease activity in patients
who have persistently active SLE despite treat-
ment with moderate-dose glucocorticoids.

METHODS

Ethics and Compliance

The study protocol was approved by the Wes-
tern Institutional Review Board centrally and by
the local ethics committees/institutional review
boards at individual study sites. The study was
conducted in accordance with the Declaration
of Helsinki and requirements of clinical trials
registration (ClinicalTrials.gov identifier
NCT02953821). Written informed consent from
patients was required.

Patients

This multicenter, randomized, double-blind,
parallel-group, placebo-controlled study was
conducted across 54 study sites in Argentina,
Chile, Mexico, Peru, and the US. The study
design has been described in detail previously
[13]. Investigators enrolled adults
aged C 18 years with active SLE (C 4 of 11
American College of Rheumatology criteria
[14]; SLE Disease Activity Index-2000 [SLEDAI-
2K] [15] score C 6 at screening; and clinical
SLEDAI-2K [excluding laboratory results] score
C 4 at both screening and randomization) and
with moderate to severe rash and/or arthritis by
British Isles Lupus Assessment Group-2004
(BILAG-2004) [16] scores A or B in the muco-
cutaneous or musculoskeletal domains at both
screening and randomization. Patients were
permitted to enroll if they were on glucocorti-
coids for at least 8 weeks prior to screening and
were receiving stable glucocorticoid doses of

7.5–30 mg of daily prednisone equivalents for at
least 4 weeks before screening. The use of topi-
cal and/or inhaled glucocorticoids during the
study period was allowed. Patients were also
permitted to enroll if they were on stable doses
of antimalarials or NSAIDs for at least 4 weeks
and/or immunosuppressants for at least 8 weeks
before screening; however, taking NSAIDs and/
or immunosuppressants was not a condition for
inclusion. We excluded patients with severe
active lupus nephritis (serum crea-
tinine[2.5 mg/dl, proteinuria[1.5 g/g, or
requiring hemodialysis within 3 months before
screening) or with active central nervous system
manifestations of lupus within 3 months before
screening or between screening and first dose of
study drug.

Randomization and Masking

Block randomization using a computer-gener-
ated allocation scheme was used to assign
patients (1:1) to receive RCI or placebo. Ran-
domization was stratified by location (US or
outside US) and glucocorticoid dose (pred-
nisone or equivalent B 20 mg per day
and[ 20 mg per day). Both patients and
investigators were blinded to study treatment
assignments, with subject identification num-
bers to facilitate blinding.

Procedures

Patients or their caregivers administered 80 U of
RCI or matching placebo subcutaneously every
other day for 4 weeks, then twice per week for
an additional 20 weeks. Treatment compliance
was monitored using study drug diaries.
Patients were encouraged to taper their gluco-
corticoid doses between weeks 16 and 24 when
clinically appropriate at the discretion of the
investigator. Doses of all other background
antimalarials, NSAIDs, and immunosuppres-
sants remained stable throughout the study.
The following assessments were performed
through study week 24: BILAG-2004; Cutaneous
Lupus Erythematosus Disease Area and Severity
Index (CLASI)-Activity [17]; Physician Global
Assessment (PGA) [18]; Safety of Estrogens in
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Lupus Erythematosus National Assessment
(SELENA) Flare Index [19]; SLEDAI-2K; and 28
Swollen Joint Count/Tender Joint Count (28
SJC/TJC). The BILAG-2004 Index was assessed
over a 4-week period, and total scores were the
sum of scores from all nine organ systems in the
BILAG questionnaire using the coding
scheme of A = 12, B = 8, C = 1, and D/E = 0
[20]. SLEDAI-2K was assessed over a 10-day
window, and total scores were the sum of all
weighted scores of all 24 manifestations in the
index. After baseline, visits for evaluations were
conducted at weeks 2, 4, 6, 8, 12, 16, 20, 24 (or
early termination), and 28 (follow-up).

Outcomes

The primary endpoint was the proportion of
SLE Responder Index (SRI)-4 responders in the
RCI-treated group compared with the propor-
tion of SRI-4 responders in the placebo group at
week 16. An SRI-4 responder was defined as a
patient with a four-point reduction from base-
line in the SLEDAI-2K, with no new BILAG A
score and no more than one new BILAG B organ
domain score compared with baseline, and
with a B 10% increase from baseline in PGA
[21]; patients who did not provide data to allow
for classification as a responder were considered
non-responders. Secondary endpoints included
the change from baseline to week 16 in the
following assessments: SLEDAI-2K; BILAG-2004;
PGA; CLASI-Activity; and 28 SJC/TJC (compris-
ing those joints that were both tender and
swollen). Secondary endpoints also included
the time to first treatment response as assessed
by the SRI-4 and the proportion of patients with
a decrease of at least four points in the SLEDAI-
2K at week 16. The following exploratory end-
points were evaluated: decrease from baseline in
daily glucocorticoid dose during week 17 to
week 24; proportion of patients at week 24 with
a decrease in prednisone equivalent to\7.5 mg
per day and by[50% compared with baseline;
proportion of SRI-4 responders at week 16 that
maintained response through week 24; propor-
tion of patients with a decrease of at least four
points in the SLEDAI-2K at week 24; and chan-
ges from baseline in levels of cytokines,

circulating lymphocytes, and bone turnover
markers through week 24. Post hoc analyses
assessed the percent of baseline over time
through week 24 for B-cell activating factor
(BAFF) cytokine. Safety outcomes included̄
adverse events (AEs) and serious AEs (SAEs)
assessed throughout the study.

In post hoc analyses, we determined the
proportion of BILAG-Based Combined Lupus
Assessment (BICLA) responders, defined as
patients meeting the following criteria: at least
one gradation of improvement in baseline
BILAG scores in all body systems with moderate
or severe disease activity at entry (i.e., all A
scores falling to B, C, or D and all B scores falling
to C or D); no new BILAG A scores or no more
than one new BILAG B score; no worsening of
total SLEDAI-2K score from baseline; no signif-
icant deterioration (B 10% increase from base-
line) in PGA; and no treatment failure (e.g.,
initiation of non-protocol treatment) [22].
Patients who did not provide data to allow for
classification as BICLA responders were consid-
ered non-responders.

We also performed a post hoc regression tree
analysis to detect the variables that were pre-
dictive of an SRI-4 response. The following
variables were identified as predictive baseline
characteristics and were stratified in subgroup
analyses for proportion of SRI-4 responders:
baseline SLEDAI-2K score (\10 vs. C 10);
CLASI-Activity score (\11 vs. C 11); BILAG-
2004 score (\20 vs. C 20); historical versus
baseline antinuclear antibody (ANA), anti-dou-
ble-stranded DNA (anti-dsDNA) antibody, or
extractable nuclear antigen (ENA) antibody
tests; baseline ANA (\1:80 vs. C 1:80); and
baseline complement component 4
(C4,\ 17 mg/dl vs. C 17 mg/dl). Patients who
did not provide data to allow for classification as
SRI-4 responders were considered non-
responders.

Statistical Analysis

Primary, secondary, exploratory, and post hoc
efficacy endpoints were analyzed in the modi-
fied intention-to-treat (mITT) population,
defined as patients who received at least one
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dose of study drug and contributed any post-
baseline efficacy data. With assumed SRI-4
response rates of 30% in the placebo group and
55% in the RCI group, a sample size of 80
patients per treatment group was determined to
provide 90% power to demonstrate statistical
significance for the primary endpoint with a
significance level of 0.05. The primary endpoint
was assessed using a Cochran–Mantel–Haenszel
test, with strata corresponding to the stratifica-
tion factors used for randomization (location
[US and outside the US] and baseline glucocor-
ticoid dose [B 20 and[20 mg per day]). Sec-
ondary and exploratory endpoints that were
based on proportions of patients were analyzed

using the same statistical method as for the
primary endpoint. Quantitative endpoints 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 and were stratified for the same factors
used for randomization. Time-to-response end-
points were analyzed using a log-rank test.
Safety endpoints were assessed in the safety
population (all patients who received at least
one dose of study drug) and were summarized
descriptively. Analyses were performed using
SAS 9.4 (SAS Institute Inc.).

Fig. 1 Trial profile
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RESULTS

The trial was initiated on October 13, 2016, and
was completed on October 25, 2019. Of 293
patients screened for eligibility, 172 were ran-
domly assigned to treatment groups (Fig. 1). Of
these, 86 were assigned to RCI, and 86 were
assigned to placebo; 84 patients receiving RCI
and 85 patients receiving placebo were included
in the mITT population. At least 82.5% of
patients in each treatment group completed the
study. Of the patients who discontinued par-
ticipation in the study, more patients in the
placebo group (n = 5) discontinued because of
disease progression than in the RCI group
(n = 1).

The mITT population (N = 169) had a mean
age of 39.7 years; patients were predominantly
female (91.7%), located outside of the US
(66.9%), and of Hispanic or Latino ethnicity
(80.5%). Most patients (95.3%) were

Table 1 Baseline demographics and patient characteristics
of the mITT population

RCI

(n = 84)

Placebo

(n = 85)

Age, years, mean (SD) 40.1

(12.3)

39.2 (13.1)

Gender, no. (%)

Male 10 (11.9) 4 (4.7)

Female 74 (88.1) 81 (95.3)

Race, no. (%)

Caucasian 33 (39.3) 30 (35.3)

African American 9 (10.7) 8 (9.4)

American Indian or Alaska Native 18 (21.4) 18 (21.2)

Other 24 (28.6) 29 (34.1)

Ethnicity, no. (%)

Hispanic or Latino 66 (78.6) 70 (82.4)

Location, no. (%)

US 28 (33.3) 28 (32.9)

Outside of US 56 (66.7) 57 (67.1)

Weight, kg, mean (SD) 75.3

(20.1)

71.0 (17.1)

Time since diagnosed with SLE,

years, mean (SD)

7.6 (6.8) 5.8 (5.0)

Prednisone or equivalent daily

dosage, mg, mean (SD)

11.1

(4.5)

11.2 (4.9)

Prednisone or equivalent daily

dosage, no. (%)

B 20 mg/day 82 (97.6) 79 (92.9)

[ 20 mg/day 2 (2.4) 6 (7.1)

Antimalarials, no. (%) 65 (77.4) 69 (81.2)

Immunosuppressants, no. (%) 62 (73.8) 47 (55.3)

SLEDAI-2K total score [range

0–105], mean (SD)

10.1

(3.1)

9.7 (3.0)

BILAG-2004 total score [range

0–108], mean (SD)

18.0

(5.5)

18.2 (5.2)

PGA [range 0–100], mean (SD) 60.6

(16.7)

58.8 (15.8)

Table 1 continued

RCI

(n = 84)

Placebo

(n = 85)

CLASI-Activity [range 0–70], mean

(SD)

7.7 (7.5) 7.1 (6.5)

28 SJC/TJC, mean (SD) 7.9 (5.9) 7.2 (5.0)

Complement C3 [range

90–180 mg/dl], mean (SD)

111.2

(35.7)

113.5

(31.3)

Complement C4 [range 10–40 mg/

dl], mean (SD)

19.5

(11.3)

18.7 (9.5)

Anti-dsDNA antibody [range

0–6.3 IU/mL], mean (SD)

99.9

(215.3)

62.6

(165.2)

BILAG-2004 British Isles Lupus Assessment Group-2004,

C component, CLASI-Activity Cutaneous Lupus Erythe-

matosus Disease Area and Severity Index-Activity, dsDNA

double-stranded deoxyribonucleic acid, mITT modified

intention-to-treat, PGA Physician’s Global Assessment, RCI

repository corticotropin injection, SD standard deviation, SJC

Swollen Joint Count, SLE systemic lupus erythematosus,

SLEDAI-2K Systemic Lupus Erythematosus Disease Activity

Index-2000, TJC Tender Joint Count
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receiving B 20 mg of daily prednisone or
equivalent glucocorticoid doses, and about half
(53.8%) of patients had baseline SLEDAI-2K
scores C 10. Demographics and baseline disease
characteristics for patients in each treatment
group are presented in Table 1. Patients ran-
domized to receive RCI had a longer history of
SLE diagnosis and higher levels of anti-dsDNA
antibodies than patients who were randomized
to placebo. More patients were receiving con-
comitant immunosuppressive therapy in the
RCI group than in the placebo group.

The primary endpoint (the proportion of
patients who achieved an SRI-4 response at
week 16) was not significantly different between
RCI and placebo (Fig. 2). Although there were
more SRI-4 responders at all time points
through week 24 in the RCI group than in the
placebo group, no statistically significant dif-
ferences between RCI and placebo were
observed at any time point. All other p values
are nominal and are presented for information
purposes only.

Patients who were treated with RCI showed
greater reductions in 28 SJC/TJC and CLASI-

Activity scores at week 16 than patients receiv-
ing placebo (Table 2). Results for all other sec-
ondary endpoints were not different between
RCI and placebo.

No differences were observed in exploratory
endpoints related to changes in prednisone
dose, proportion of SRI-4 responders, or patients
with at least a four-point reduction in SLEDAI-
2K through week 24 in the RCI group (Figure S1
and Table S1 in the supplementary material).
With the exception of BAFF, changes from
baseline in levels of cytokines, circulating
leukocytes, and bone turnover markers through
week 24 for patients treated with RCI continue
to be analyzed (Table S2 in the supplementary
material). Patients who were treated with RCI
showed greater reductions in levels of BAFF at
week 8 (mean change: –327.4, SD 702.7;
p = 0.0003 for least square mean difference)
than patients receiving placebo (mean change:
25.8, SD 554.7). Differences in the percent of
baseline for BAFF were greater for patients
treated with RCI than for patients treated with
placebo at week 8 (Fig. 3).

Fig. 2 SRI-4 responders in the mITT population. aThe
95% CI is asymptotic Wald confidence limits. bThe
p values were assessed using a CMH test stratified for
location (US and outside the US) and baseline glucocor-
ticoid dose (B 20 and[ 20 mg per day). CMH

Cochran–Mantel–Haenszel, mITT modified intention-
to-treat, OR odds ratio, PBO placebo, RCI repository
corticotropin injection. SRI-4 Systemic Lupus Erythe-
matosus Responder Index-4
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A post hoc analysis applying the BICLA to
the mITT population found a greater proportion
of BICLA responders amongst those treated
with RCI versus placebo at weeks 4, 12, and 20
(Fig. 4). At baseline, 47 patients (56.0% of 84)
treated with RCI and 44 patients (51.8% of 85)
treated with placebo had SLEDAI-2K C 10. In

this subgroup, there were more SRI-4 responders
at all time points in the RCI group than in the
placebo group, and a greater difference in the
SRI-4 response rate for RCI versus placebo was
noted at week 24 (Fig. 5a). At baseline, 22
patients (26.2% of 84) treated with RCI and 19
patients (22.4% of 85) on placebo had CLASI-

Table 2 Secondary endpoints in the mITT population

RCI
(n = 84)

Placebo
(n = 85)

LS mean difference
(95% CI)

p valuea

SLEDAI-2K [range 0–105] change from baseline at week 16,

mean (SD)

n = 77

- 3.8

(3.3)

n = 76

- 3.1

(3.1)

- 0.5

(- 1.5 to 0.5)

0.3520

BILAG-2004 [range 0–108] change from baseline at week 16,

mean (SD)

n = 77

- 10.2

(5.9)

n = 76

- 8.6

(6.2)

- 1.6

(- 3.4 to 0.3)

0.0938

PGA [range 0–100] change from baseline at week 16, mean

(SD)

n = 84

- 30.6

(18.1)

n = 85

- 24.8

(18.9)

- 4.1

(- 9.1 to 1.0)

0.1139

CLASI-Activity [range 0–70] change from baseline at week

16, mean (SD)

n = 75

- 4.5

(5.4)

n = 75

- 2.7

(3.1)

- 0.9

(- 1.8 to 0.0)

0.0423

28 SJC/TJC [range 0–28] change from baseline at week 16,

mean (SD)

n = 75

- 6.4

(5.7)

n = 75

- 4.2

(3.8)

- 1.2

(- 2.3 to - 0.2)

0.0203

Time to first SRI-4 response, days, median (95% CI) n = 84

85

(58.0 to

113.0)

n = 85

86

(81.0 to

136.0)

NA 0.6199

Proportion of patients with C 4-point reduction in SLEDAI-

2K at week 16, no. (%)

n = 84

41 (48.8)

n = 85

40 (47.1)

NA 0.8078

ANCOVA analysis of covariance, BILAG-2004 British Isles Lupus Assessment Group-2004, CLASI-Activity Cutaneous
Lupus Erythematosus Disease Area and Severity Index-Activity, CMH Cochran–Mantel–Haenszel, LS least square, mITT
modified intention-to-treat, NA not applicable, PGA Physician’s Global Assessment, RCI repository corticotropin injection,
SD standard deviation, SJC Swollen Joint Count, SLEDAI-2K Systemic Lupus Erythematosus Disease Activity Index-2000,
SRI-4 Systemic Lupus Erythematosus Responder Index-4, TJC Tender Joint Count
a Proportions of patients were analyzed using a CMH test stratified for location (US and outside the US) and baseline
glucocorticoid dose (B 20 and[ 20 mg per day). Quantitative endpoints were analyzed using ANCOVA models with the
change from baseline 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 glucocorticoid dose (B 20 and[ 20 mg
per day). Time-to-response endpoints were analyzed using a log-rank test
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Fig. 3 Percentage of baseline over time for BAFF in the
mITT population. **p\ 0.01 for the LS mean difference
using ANCOVA models with the change from baseline as
the dependent variable, treatment as the factor, and
baseline value of the corresponding endpoint as the
covariate, with stratification for location (US and outside

the US) and baseline glucocorticoid dose (B 20
and[ 20 mg per day). ANCOVA analysis of covariance,
BAFF B-cell activating factor, LS least square, mITT
modified intention-to-treat, PBO placebo, RCI repository
corticotropin injection, SE standard error

Fig. 4 BICLA responders in the mITT population.
*p\ 0.05 from CMH test stratified for location (US
and outside the US) and baseline glucocorticoid dose
(B 20 and[ 20 mg per day). BICLA BILAG-Based

Combined Lupus Assessment, BILAG British Isles Lupus
Assessment Group, CMH Cochran–Mantel–Haenszel,
mITT modified intention-to-treat, OR odds ratio, PBO
placebo, RCI repository corticotropin injection
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Activity C 11. In this subgroup, there were
more SRI-4 responders at all time points in the
RCI group than in the placebo group; greater
differences in the SRI-4 response rate for RCI
versus placebo were observed at week 16 and
week 24 (Fig. 5b). Those with baseline BILAG-
2004 C 20 had numerically higher SRI-4
response rates (Fig. 5c). In the subgroup of
patients who were screened and tested positive
for ANA/anti-dsDNA/ENA antibodies at base-
line, there were more SRI-4 responders at all
time points in the RCI group than in the

placebo group. For those with historical
autoantibody positivity unconfirmed by testing
at screening, the difference in the SRI-4
response rate for RCI versus placebo was greater
at only one time point, at week 4 (Fig. 6). In the
subgroup of patients who had low complement
C4 (\17 mg/dl) at baseline, there were higher
proportions of SRI-4 responders at all time
points in the RCI group than in the placebo
group; a significantly greater difference in the
SRI-4 response rate for RCI versus placebo was
observed at week 20 (Fig. 7). Results for SRI-4
responders with ANA C 1:80 at screening
showed numerically higher response rates (data
not shown).

In the safety population (RCI, n = 86; pla-
cebo, n = 86), more patients who were treated
with RCI reported AEs than patients who were
given placebo (Table 3). The most common AEs
reported by patients who were treated with RCI
included upper respiratory tract infection,
insomnia, headache, hypertension, and urinary
tract infection. Fewer patients in the RCI-trea-
ted group than in the placebo-treated group
reported SAEs; these included SLE, herpes zos-
ter, and nephrotic syndrome. The AEs of SLE,
drug hypersensitivity, and nephrotic syndrome
resulted in study discontinuation for RCI-

bFig. 5 SRI-4 responders by baseline disease severity on the
basis of SLEDAI-2K (a), CLASI-Activity (b), and BILAG-
2004 (c) scores in the mITT population *p\ 0.05;
**p\ 0.01 from CMH test stratified for location (US and
outside the US) and baseline glucocorticoid dose (B 20
and[ 20 mg per day). BILAG-2004 British Isles Lupus
Assessment Group-2004, CLASI-Activity Cutaneous
Lupus Erythematosus Disease Area and Severity Index-
Activity, CMH Cochran–Mantel–Haenszel, mITT mod-
ified intention-to-treat, OR odds ratio, PBO placebo, RCI
repository corticotropin injection, SLEDAI-2K Systemic
Lupus Erythematosus Disease Activity Index-2000, SRI-
4 Systemic Lupus Erythematosus Responder Index-4

Fig. 6 SRI-4 responders by ANA/anti-dsDNA/ENA
positivity at baseline in the mITT population. *p\ 0.05
from CMH test stratified for location (US and outside the
US) and baseline glucocorticoid dose (B 20 and[ 20 mg
per day). ANA antinuclear antibody, CMH

Cochran–Mantel–Haenszel, dsDNA double-stranded
deoxyribonucleic acid, ENA extractable nuclear antigen,
mITT modified intention-to-treat, OR odds ratio, PBO
placebo, RCI repository corticotropin injection, SRI-4
Systemic Lupus Erythematosus Responder Index-4
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treated patients. One patient (1.2%) in the pla-
cebo-treated group experienced an AE of drug
abuse, which resulted in death; no AEs resulted
in death in patients treated with RCI.

DISCUSSION

The study fell short of meeting its primary
endpoint of the proportion of SRI-4 responders
at week 16 after treatment with RCI. However,
the study met two important secondary end-
points, including the change from baseline to
week 16 in 28 SJC/TJC and CLASI-Activity
scores in patients treated with RCI. Improve-
ments in 28 SJC/TJC and CLASI-Activity after
treatment with RCI are especially notable given
that the study was enriched for patients with
skin and joint manifestations at both screening
and randomization. Additionally, at multiple
time points, BICLA response rates were higher
in the RCI treatment group. A greater SRI-4
response to RCI was observed in patients with
higher baseline disease activity scores (SLEDAI-
2K C 10; CLASI-Activity C 11) and in those
with low complement C4 at baseline. No
meaningful changes were observed in bone
turnover markers. No consistent changes were
observed in cytokine levels apart from BAFF.
BAFF is known to be one of the key survival

factors for B lymphocytes that has potent
stimulatory effects on B-cell proliferation and
antibody production [23]. Furthermore, some
changes were observed in the proportion of
B-cell subsets among the circulating leukocytes;
however, the clinical significance of these
changes warrants further evaluation.

Notably, most patients in both treatment
groups remained on stable glucocorticoid doses
through the end of the study period despite the
option of a glucocorticoid taper between weeks
16 and 24. All safety results were consistent
with the known safety profile of RCI; no new
safety signals were identified. AEs associated
with glucocorticoids (e.g., hyperglycemia,
hypertension) were more commonly reported
by patients receiving RCI treatment than by
those who were given placebo. Three patients
(3.5%) in the RCI-treated group reported AEs of
hyperglycemia; all were women without a his-
tory of diabetes. However, two of these three
patients were prediabetic at baseline. No
patients in the placebo group reported
hypoglycemia.

The measurement of SLE disease activity is
challenging because of disease heterogeneity
and the subjective nature of the evaluation [2].
Composite instruments, such as the SRI-4 or the
BICLA, are commonly used as endpoints in SLE

Fig. 7 SRI-4 responders by complement C4 results at
screening in the mITT population. *p\ 0.05 from CMH
test stratified for location (US and outside the US) and
baseline glucocorticoid dose (B 20 and[ 20 mg per day).

C component, CMH Cochran–Mantel–Haenszel, mITT
modified intention-to-treat, OR odds ratio, PBO placebo,
RCI repository corticotropin injection, SRI-4 Systemic
Lupus Erythematosus Responder Index-4
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clinical trials. The SRI-4 incorporates the SLE-
DAI-2K as the main measure of improvement.
Because SLEDAI-2K response can be achieved
only if a manifestation resolves, it is not sensi-
tive to partial improvement. In contrast, BICLA
relies on the BILAG as its central disease activity
measure and can therefore capture partial
improvements in disease activity. The BICLA
appears to be more specific to multiorgan
improvements than the SRI-4. As discordance
between BICLA and SRI has recently been
encountered in other SLE clinical trials [24, 25],
we performed a post hoc analysis evaluating
BICLA responses.

This study has several limitations. Enroll-
ment of restricted ethnicity ([ 80% Hispanic or
Latino ethnicity) may limit the application of
these results to the general SLE population.
Additionally, documented historical ANA/anti-
dsDNA/ENA positivity was allowed rather than
confirming the presence of these antibodies
through testing at study entry. Further, patients
were permitted to continue using stable doses of
standard SLE therapy (i.e., NSAIDs, antimalari-
als, glucocorticoids, methotrexate, azathio-
prine, and mycophenolate mofetil) during the
study period.

Table 3 Safety results during the treatment period in the
safety population

No. (%) of patients

RCI
(n = 86)

Placebo
(n = 86)

Any adverse event 61 (70.9) 55 (64.0)

Most common adverse events (C 3% in either treatment

group)

Upper respiratory tract

infection

9 (10.5) 1 (1.2)

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)

Serious adverse events 4 (4.7) 8 (9.3)

Systemic lupus erythematosusa 2 (2.3) 1 (1.2)

Herpes zoster 1 (1.2) 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)

Adverse events leading to study

discontinuation

4 (4.7) 3 (3.5)

Table 3 continued

No. (%) of patients

RCI
(n = 86)

Placebo
(n = 86)

Systemic lupus erythematosusa 2 (2.3) 0

Drug hypersensitivity 1 (1.2) 0

Nephrotic syndrome 1 (1.2) 0

Drug abuse 0 1 (1.2)

Hemolytic anemia 0 1 (1.2)

Pneumonia 0 1 (1.2)

Adverse events resulting in death 0 1 (1.2)

Drug abuse 0 1 (1.2)

RCI repository corticotropin injection, SLE systemic lupus
erythematosus
a Indicates SLE flare or SLE exacerbation
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CONCLUSIONS

Treatment with 80 U of RCI twice weekly for up
to 24 weeks was associated with improvements
in two secondary endpoints (28 SJC/TJC and
CLASI-Activity scores at week 16) in patients
with persistently active SLE despite use of
moderate-dose glucocorticoids. Greater benefits
of RCI were also observed in post hoc analyses
of SRI-4 response in the subgroup of patients
with higher levels of SLE disease activity. Similar
to findings of a recent anifrolumab trial [24],
treatment with RCI resulted in a greater number
of BICLA responders than with placebo at weeks
4, 12, and 20 despite a lack of difference in
treatment response when measured by the SRI-
4. The advantage of RCI observed with BICLA
for the entire population, in concert with the
benefits observed with SRI-4 in the subsets of
patients with higher levels of disease activity,
support the potential utility of RCI in the
treatment of active SLE with SLEDAI-2K scores
C 10, CLASI-Activity scores C 11, BILAG-2004
scores C 20, and complement C4
levels\ 17 mg/dl.
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