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ABSTRACT

Introduction: Long-term corticosteroid use in
immune-mediated diseases is associated with
increased risk of adverse events (AEs) and
worsened health-related quality of life (HRQoL).
Previous studies report chronic high-dose cor-
ticosteroid therapy results in higher rates of
healthcare resource use and AE-related medical
costs. Recent studies suggest Acthar� Gel
(repository corticotropin injection) is an effec-
tive steroid-sparing therapy for sarcoidosis. This
study compares the corticosteroid-sparing effect
between Acthar Gel and comparators and eval-
uates the impact of Acthar Gel adherence on
reduction of corticosteroid burden.
Methods: A retrospective analysis of a large
administrative pharmacy and medical claims
database (Symphony Health Solutions) was
conducted. Patients were included with con-
firmed ICD-9/10 diagnosis for sarcoidosis in the
study period (2014–2020), followed by C 2

Acthar Gel claims or comparators (janus kinase
inhibitor (JAKi)/rituximab), C 18 years old,
with 12 months coverage pre/post index. Out-
comes were compared as change from baseline.
Acthar Gel adherence was determined by pro-
portion of days covered in the follow-up period.
Results: The Acthar Gel (n = 735) and com-
parator (n = 626) cohorts were mostly female
(68–72%) between 55 and 58 years old. Com-
pared to the comparator cohort at baseline,
Acthar Gel patients had greater any corticos-
teroid use (80% vs. 56%, p\ 0.001), extended
use (61% vs. 32%, p\0.001), and mean average
daily dose (6.72 vs. 3.03, p\ 0.001). After
treatment, Acthar Gel patients had greater
reduction from baseline in any corticosteroid
use (– 9.0% vs. – 3.2%) and extended use
(– 10.0% vs. – 3.0%). In the Acthar Gel adher-
ence cohorts, patients with above average
adherence had greater reduction in both mea-
sures (– 11.2% vs. – 6.1%; – 11.6% vs. – 7.6%,
respectively) than patients with below average
adherence. Acthar Gel patients had greater
reduction of extended use at all dose levels.
Conclusion: Acthar Gel is associated with
reductions in corticosteroid use compared to
alternatives. Better adherence is associated with
greater reduction in corticosteroid exposure.Key
Summary Points
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PLAIN LANGUAGE SUMMARY

Patients who use corticosteroids long term for
advanced sarcoidosis often suffer from negative
health effects. This project aimed to evaluate
whether Acthar� Gel (repository corticotropin
injection) use led to reduced corticosteroid use
and whether higher adherence to Acthar Gel led
to further reduction in corticosteroid use.
Pharmacy and medical claims data were used to
identify patients who fit certain criteria: the
Acthar Gel cohort included patients with sar-
coidosis who used Acthar Gel and the com-
parator cohort included patients with
sarcoidosis who used janus kinase (JAK) inhibi-
tors or rituximab. The Acthar Gel cohort was
split into high adherence and low adherence.
The Acthar Gel cohort was found to have higher
corticosteroid use than the comparator group in
the baseline period before initiating Acthar Gel
or a comparator therapy. After initiating treat-
ment, Acthar Gel patients had a larger reduc-
tion in corticosteroid use according to a variety
of metrics including number of corticosteroid
fills and extended use fills. Furthermore, when
comparing those with high Acthar Gel adher-
ence and those with low Acthar Gel adherence,
the patients with above average adherence had
a larger reduction in the number of corticos-
teroid fills and extended use fills than patients
with below average adherence to Acthar Gel.
Patients who use Acthar Gel and more regularly
tended to use corticosteroids less, which may
allow them to avoid the negative health effects
from long-term, high-dosage corticosteroid use.
This finding may help providers and health
plans evaluate situations in which Acthar Gel
treatment may be beneficial to improve patient
outcomes.

Keywords: Acthar� Gel; Sarcoidosis;
Repository corticotropin injection;
Corticosteroid burden

Key Summary Points

Why carry out this study?

First line treatment for symptomatic
sarcoidosis is corticosteroids, but long-
term use has been shown to lead to
significantly lower health-related quality
of life

Acthar� Gel (repository corticotropin
injection) is included in the European
Respiratory Society and the US Sarcoidosis
Delphi Expert Panel Consensus Statement
guidelines for the treatment of sarcoidosis
on a case-by-case basis and may have a
steroid-sparing effect for sarcoidosis

This study compares the reduction of
steroid burden between Acthar Gel and
other comparator therapies and assesses
the impact of Acthar Gel adherence on
steroid burden to demonstrate steroid-
sparing effects and benefits of higher
adherence after treatment with Acthar Gel

What was learned from the study?

The Acthar Gel cohort saw greater
reduction in steroid use after starting
Acthar Gel treatment compared to the
comparator cohort and further burden
reduction with above average Acthar Gel
adherence, particularly with the
proportion of patients using
corticosteroids and among medium and
high dosages

Treatment with Acthar Gel demonstrated
a steroid-sparing effect, with greater
effects at higher levels of Acthar Gel
adherence

INTRODUCTION

Sarcoidosis is an inflammatory systemic granu-
lomatous disease that impacts mostly young
and middle-aged adults [1–4]. The disease is
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more common among patients of African-
American or Scandinavian descent [5]. United
States estimated overall incidence and preva-
lence of sarcoidosis are 8 and 60 cases per
100,000 persons, respectively. [6] In the US, [
25,000 patients annually are diagnosed with
sarcoidosis, and 185,000 seek medical care for
the disease. [6].

Sarcoidosis affects the lungs in 90% of
patients and can also affect many extrapul-
monary organs (eyes, joints, skin, liver, spleen,
lymph nodes, salivary glands, heart, and ner-
vous system) [2]. Up to half of patients experi-
ence pulmonary symptoms such as dry cough
and chest pains—furthermore, patients with
sarcoidosis often present with constitutional
symptoms in addition to pulmonary symptoms,
such as fatigue, malaise, and weight loss [2]. As
sarcoidosis is a multi-organ disorder, patients
may present with drastically different symp-
toms, and the clinical picture of the disease can
vary greatly, dependent on factors such as eth-
nicity, illness duration, and organ involvement.
Although most patients with sarcoidosis expe-
rience spontaneous remission, 10–30% have a
chronic and progressive form of the disease that
may result in severe organ impairment—treat-
ment is often only instituted in the case of
organ impairment threatening organ function.
[5, 7]

Unfortunately, there is no cure for sarcoido-
sis. Although increased rates of complications
such as weight gain and hypertension are asso-
ciated with its use, corticosteroids (CS) are the
most commonly used first-line therapy to treat
sarcoidosis [8]. Following first-line treatment
with corticosteroids, patients may receive a
variety of immunosuppressive medications
such as hydroxychloroquine and methotrexate,
with methotrexate being a commonly used
therapy among second-line treatments [6]. For a
small proportion of patients for whom first- and
second-line therapy was not effective, third-line
therapies are required, including biologics (e.g.,
TNF-alpha inhibitors, interleukin inhibitors,
etc.) such as infliximab and adalimumab. If
disease progression continues or the patient
relapses and other therapies have been ineffec-
tive, treatments including rituximab, janus
kinase (JAK) inhibitors, and Acthar� Gel

(repository corticotropin injection) are thera-
pies considered for case-by-case use [9].

Acthar Gel, a naturally sourced complex
mixture of adrenocorticotropic hormone ana-
logs and other pituitary peptides, is approved
for use by the Food and Drug Administration
(FDA) for the treatment of patients with serious
and rare conditions, including sarcoidosis, and
is only commercially available in the US [10].
The European Respiratory Society guidelines list
Acthar Gel among the various anti-inflamma-
tory treatments for pulmonary sarcoidosis,
noting that Acthar Gel can be used on a case-by-
case basis when other therapies are ineffective
or not tolerated [9]. In addition, these guideli-
nes support existing US expert panel consensus
on the use of Acthar Gel on a case-by-case basis
for patients with advanced sarcoidosis that is
unresponsive to third-line therapies [11]. Acthar
Gel acts through multiple mechanisms of
action, including anti-inflammatory and
immunomodulatory pathways, to relieve
symptoms and induce remission [12].

Recent studies have shown that Acthar Gel
may be an effective steroid-sparing therapy for
sarcoidosis [13–15]. As mentioned above, corti-
costeroids are the most commonly used first-
line treatment for sarcoidosis. However, long-
term high-dose use of corticosteroids can lead to
serious adverse effects such as corticosteroid-
induced osteoporosis and is linked to higher
health care utilization costs [16–20].

This study aimed to build upon the growing
body of literature on sarcoidosis treatments, by
comparing clinical outcome differences from
baseline between patients with Acthar Gel use
and other comparator treatment use, and
between patients with above and below average
Acthar Gel adherence. As, similar to Acthar Gel,
JAK inhibitors and rituximab are only refer-
enced for case-by-case use in the instance of
disease that has been unresponsive to prior
therapies such as infliximab or methotrexate,
these therapies were selected as comparators.
We hypothesized that patients with Acthar Gel
use would see greater corticosteroid burden
reduction after treatment initiation compared
to other comparator options and that, among
those with Acthar Gel use, the higher adherence
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cohort would have further reduced corticos-
teroid use.

METHODS

Data Source

This study used a de-identified open-source
claims database (Symphony Health IDV) that
links data from pharmacy point-of-service sys-
tems, payer adjudication services (clearing
houses), and direct prescription, medical, and
hospital feeds. Permission to use these data was
granted to the authors by Symphony Clinical
Research, the proprietor of Symphony Health
IDV. These data contain approximately 168
million longitudinally tracked patients with
prescription and medical claims in any recent
year of the database. Patients in the database are
representative of the US population age and
gender mix with claims from diverse payers
including basic Medicaid, Managed Medicaid,
Medicare, assistance programs, commercial, and
cash payers. Because this database does not
contain eligibility records, not all claims for a
given patient may be captured in the data. For
approved claims, the data contain each pre-
scription’s dispensed and payment details
making it possible to assess patient characteris-
tics of patients who were approved for use of
Acthar Gel.

Sample Selection

Two samples were selected: a cohort for those
who received Acthar Gel and a cohort for those
who received comparator sarcoidosis treat-
ments. Comparator therapies included oral JAK
inhibitors and rituximab, which, like Acthar
Gel, were outlined in the European Respiratory
Society treatment guidelines for sarcoidosis for
use on a case-by-case basis in instances when
prior therapies were ineffective [9]. To be eligi-
ble for the study, patients in both cohorts were
required to have a confirmed sarcoidosis diag-
nosis during the period of January 1, 2014,
through December 31, 2020. A confirmed
diagnosis was defined as either one inpatient

claim or two outpatient claims on separate days
for sarcoidosis using ICD-9-CM/ICD-10-CM
diagnosis codes (ICD-9-CM: 135.xx; ICD-10-
CM: D86.0, D86.2, D86.83, D86.85, D86.86,
D86.87, D86.9).

Patients in the Acthar Gel cohort were fur-
ther required to have at least one submitted
prescription or medical claim for corticos-
teroids, disease-modifying anti-rheumatic drugs
(DMARDS), or immunosuppressive drugs in
addition to at least one Acthar Gel claim
between 2014 and 2020. The index date for this
cohort was defined as their first Acthar Gel
administration date after a confirmed sarcoido-
sis diagnosis—thus, this cohort was required to
have an Acthar Gel claim after a sarcoidosis
diagnosis. In addition, patients were required to
be 18 years or older at the time of the index date
and have at least 12 months of eligibility prior
to the index date and at least 24 months of
eligibility following and including the index
date. Patients in the comparator control cohort
were required to have no history of claims for
Acthar Gel. To ensure that they met the criteria
for comparator treatment, they were required to
have at least one rituximab or JAK inhibitor
claim at any point in the 2014 to 2020 time-
frame. Additionally, they were required to be
18 years or older at the time of their first ritux-
imab or JAK inhibitor claim following their
confirmed sarcoidosis diagnosis (‘‘index date’’)
and to have at least 12 months of eligibility
prior to the index date and at least 24 months of
eligibility following and including the index
date.

The Acthar Gel cohort was also divided into
two mutually exclusive subgroups based on
adherence levels. Adherence was calculated
using proportion of days covered (PDC).
Patients were classified as adherent if they had a
calculated PDC of Acthar Gel in the 1-year fol-
low-up period greater than the mean PDC for
Acthar Gel among the overall sample in that
period. Those with a calculated PDC higher
than the average were classified as above aver-
age adherence, and the remaining patients were
classified as below average adherence. The final
sample for the Acthar Gel cohort was addition-
ally restricted to patients with two or more
Acthar Gel claims in the follow-up period.
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Statistical Analyses

Outcomes were assessed between the baseline
and follow-up periods as a difference from
baseline for each clinical measure. Differences
were compared among patients with above
average adherence to Acthar Gel and those with
below average adherence, as well as among
those with any use of Acthar Gel and those with
use of other comparator treatments. The differ-
ences from baseline for binary outcomes were
calculated as the proportion of a cohort with an
outcome of interest in the follow-up period
minus the proportion of a cohort with an out-
come of interest in the baseline period. Con-
tinuous outcome differences from baseline were
calculated as the follow-up value of the con-
tinuous outcome minus the baseline value on a
per-patient level, subsequently calculating the
mean of patient-level differences by cohort.
Pairwise comparisons of differences from base-
line between cohorts were assessed using chi-
square tests for binary variables and two-sample
t-tests for continuous variables. Statistical anal-
yses were performed using SAS Enterprise Guide
version 7.15 (SAS Institute Inc., Cary, NC).

Study Measures

Demographic and clinical characteristics rele-
vant to sarcoidosis were evaluated for all
cohorts. Patient demographics included patient
age at the time of index date, gender, US census
region, the year in which their index date
occurred, and insurance plan type (e.g., Medi-
care, Commercial, or Other/Unspecified). Clin-
ical characteristics evaluated in the baseline
period included patients’ Charlson Comorbid-
ity Index (CCI, a composite measure of the
patient’s health status), select comorbidities,
and sarcoidosis care metrics.

In both the baseline and follow-up periods,
the study assessed additional clinical charac-
teristics such as treatments with other common
sarcoidosis therapies, the incidence of other
comorbid conditions commonly observed in
patients with sarcoidosis including cardiovas-
cular/circulatory, mental health, musculoskele-
tal, and respiratory conditions, and sarcoidosis

care metrics such as blood testing, chest x-rays,
and lung function testing. To compare the use
of prescription medication in all cohorts, the
average number of prescriptions and total
number of unique drugs used were assessed. The
study also analyzed patients’ CS and DMARD
use in a variety of ways, such as the average
number of prescriptions per patient and distri-
bution of patients among CS dose levels
(low, B 7.5 mg/day; medium,[ 7.5
and B 15 mg/day; high,[ 15 mg/day).

Compliance with Ethics Guidelines

Because of the nature of the retrospective study
design using previously collected, de-identified
data, Institutional Review Board approval was
not necessary for this study.

RESULTS

Sample Selection

For the Acthar Gel cohort, there were 1495
patients with a confirmed sarcoidosis diagnosis
any time between 2014 and 2020. Of those
patients, 1412 had a submitted prescription or
medical claim for corticosteroids, DMARDs, or
immunosuppressive drugs. Among those
patients, 1306 had a submitted prescription
medical claim for Acthar Gel as well; 1181
patients had a confirmed sarcoidosis diagnosis
prior to the index date, and all but 1 of those
patients were 18 years or older at the index date.
Eight hundred seventy-one of the adults had
12 months of eligibility prior to the index date
and 24 months of eligibility following the index
date. Finally, 735 patients had two or more
submitted claims for Acthar Gel (Table 1).

For the comparator treatment patients, of
the 314,432 patients in the Symphony Health
IDV database with a confirmed sarcoidosis
diagnosis and no history of Acthar Gel claims,
1363 patients had a claim for rituximab or a JAK
inhibitor. Among those patients, 1155 had a
claim with a confirmed sarcoidosis diagnosis
prior to their index date, and 1150 of those
patients were an adult at the index date. Finally,
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626 of the 1150 patients had sufficient months
of eligibility prior to and after the index date
(Table 2).

Baseline Characteristics

Patients within the other comparator treatment
cohort were older than the Acthar Gel use
cohort (mean age of 57.7 vs. 54.7, p\ 0.001)
and had a higher proportion of female patients
(72.4% vs. 67.8%). More patients with com-
parator treatment use were on a commercial
health plan than patients with Acthar Gel use
(49.0% vs. 2.9%, p\0.001). Patients with other
comparator treatment use had a higher mean
CCI (mean [standard deviation (SD)]: 2.31
[1.89] vs. 1.31 [1.59], p\0.001) and a greater
share of patients with blood testing (77.3% vs.
48.8%, p\ 0.001) and chest x-rays (20.6% vs.
6.3%, p\0.001). Patients with other compara-
tor treatment use also had higher rates of car-
diovascular (66.5% vs. 57.7%, p\0.001),
mental health (27.2% vs. 19.2%, p\0.001),

and other (54.5% vs. 49.0%, p = 0.043) comor-
bid conditions, while patients with Acthar Gel
use had higher rates of respiratory comorbid
conditions (61.8% vs. 56.7%, p = 0.058)
(Table 3). Patients with other comparator
treatment use had less corticosteroid use, with
55.9% of the cohort having at least one CS
prescription compared to 79.6% (p\0.001) of
the Acthar Gel use cohort having at least one CS
prescription. More patients in the Acthar Gel
use cohort took anti-asthmatics (60.4% vs.
32.4%, p\0.001) and antidepressants (38.6%
vs. 32.4%, p = 0.017) than the other comparator
use cohort (Table 4).

During the 12-month baseline period,
patients in the above average and below average
Acthar Gel cohorts were generally comparable
in terms of age, gender, race/ethnicity, region,
insurance plan type, and year of index date.
Patients in the below average adherence cohort
had higher mean CCI scores (1.44 vs. 1.22,
p = 0.064) than patients with above average
Acthar Gel adherence. Additionally, patients

Table 1 Sample selection for patients with sarcoidosis and use of Acthar Gel

Sample selection criteria Number of
patients

C 1 medical claim for sarcoidosis in an inpatient setting, or C 2 medical claims for sarcoidosis in an

outpatient setting (on separate days), at any time between 2014 through 2020

1495

C 1 submitted prescription or medical claim for steroids, DMARDs, or immunosuppressive drugs, at

any time between 2014 through 2020

1412

C 1 submitted prescription or medical claim for Acthar Gel between January 1, 2014 through

December 31, 2019

1306

C 1 claim with a confirmed sarcoidosis diagnosis prior to the index datea 1181

C 18 years old at index date 1180

C 12 months of eligibility prior to index date and C 24 months of eligibility following and including

index dateb
871

C 2 claims for Acthar Gel during the 12 months following and including index date 735

DMARD disease-modifying anti-rheumatic drugs
aIndex date is identified as the first administration date of Acthar Gel following a confirmed diagnosis of sarcoidosis
bCurrently defined based on presence of claims in the first 3 and last 3 months of baseline and follow-up period, respectively.
Patients are included if they have at least one active claim in the data during the first 3 months of their baseline period (i.e.,
months 9–12 prior to the index date) and the last 3 months of their follow-up period (i.e., months 21–24 after the index
date)
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with below average Acthar Gel adherence had
higher rates of lung function testing (43.0% vs.
32.8%, p = 0.005) than patients with above
average Acthar Gel adherence (Table 3). Patients
with below average Acthar Gel adherence also
had lower rates of medium ([ 7.5
and B 15 mg/day) dose intermittent CS use
(10.0% vs. 5.1%, p = 0.015) (Table 4).

Difference from Baseline

Patients with Acthar Gel treatment experienced
greater reductions in CS use compared to
patients with other comparator treatments. A
greater proportion of patients in the Acthar Gel
cohort had reduced overall CS use in the follow-
up period (– 9.0% vs. – 3.2%) after treatment.
Although the Acthar Gel cohort had an increase
in intermittent use overall (1.0% vs. – 0.2%,
p = 0.006), and at the low (0.8% vs. – 1.0%,
p\0.001) and medium doses (0.7% vs. – 1.8%,
p = 0.006), extended CS use decreased by 10%
after treatment, compared to 3% in the com-
parator cohort. Acthar Gel patients saw

reductions at the extended CS medium (– 7.9%
vs. – 1.4%, p\ 0.001) and high doses (– 9.4% vs.
– 2.4%, p\0.001), with a significantly lower
reduction at the low dose (– 0.8% vs. – 2.6%,
p = 0.011), compared to the comparator cohort.
In addition, Acthar Gel patients had a signifi-
cant reduction in maximum CS dose (– 1.75 mg
vs. 0.50 mg, p = 0.017) and average daily dose
(– 1.75 mg vs – 0.02 mg, p\0.001) compared to
other comparator patients (Fig. 1).

Within the Acthar Gel cohort, comparing
the above average and below average adherence
cohorts demonstrates a clear trend of greater CS
burden reduction with above average adher-
ence. A greater proportion of patients in the
above average cohort reduced CS use after
treatment (– 11.2% vs. – 6.1%), with a signifi-
cant difference at the intermittent medium dose
(– 0.5% vs. 2.2%, p = 0.04). A greater proportion
of patients in the above average cohort reduced
extended CS use after treatment, (– 11.6% vs.
– 7.6%), across low (– 1.2% vs – 0.3%), medium
(– 9.5% vs. – 5.7%) and high doses (– 10.0% vs.
– 8.6%). In addition, the above average cohort
had greater reduction in extended use

Table 2 Sample selection for patients with sarcoidosis and comparator treatments

Sample selection criteria Number of
patients

C 1 medical claim for sarcoidosis in an inpatient setting, or C 2 medical claims for sarcoidosis in an

outpatient setting (on separate days), at any time between 2014 through 2020

314,432

No history of claims for Acthar Gel 314,432

C 1 submitted prescription or medical claim for rituximab or JAK inhibitors, at any time between 2014

through 2020

1363

C 1 claim with a confirmed sarcoidosis diagnosis prior to the index datea 1155

C 18 years old at index date 1150

C 12 months of eligibility prior to index date and C 24 months of eligibility following and including

index dateb
626

JAK Janus kinase
aIndex date is identified as the first administration date of rituximab or JAK inhibitors following a confirmed diagnosis of
sarcoidosis
bCurrently defined based on presence of claims in the first 3 and last 3 months of baseline and follow-up period, respectively.
Patients are included if they have at least one active claim in the data during the first 3 months of their baseline period (i.e.,
months 9–12 prior to the index date) and the last 3 months of their follow-up period (i.e., months 21–24 after the index
date)
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Table 3 Baseline demographics and clinical characteristics

Acthar Gel vs. comparator Acthar Gel adherence sample

All Acthar
Gel

Comparatorb P-valued Above
averagec

Below
averagec

P-
valued

N = 735 N = 626 N = 421 N = 314

Demographicse

Age at index date (years) 54.71 ± 11.12 57.72 ± 12.39 \ 0.001 55.35 ± 11.18 53.85 ± 10.99 0.070

Gender (female), N (%) 498 (67.8%) 453 (72.4%) 0.066 284 (67.5%) 214 (68.2%) 0.842

Race/ethnicity, N (%)

Asian 6 (0.8%) 3 (0.5%) 0.444 2 (0.5%) 4 (1.3%) 0.234

Black 228 (31.0%) 116 (18.5%) \ 0.001 134 (31.8%) 94 (29.9%) 0.583

Hispanic 38 (5.2%) 40 (6.4%) 0.335 14 (3.3%) 24 (7.6%) 0.009

White 299 (40.7%) 342 (54.6%) \ 0.001 172 (40.9%) 127 (40.4%) 0.911

Other 4 (0.5%) 6 (1.0%) 0.373 3 (0.7%) 1 (0.3%) 0.473

Unknown/Unspecified 160 (21.8%) 119 (19.0%) 0.209 96 (22.8%) 64 (20.4%) 0.432

Region, N (%)

Midwest 157 (21.4%) 163 (26.0%) 0.043 90 (21.4%) 67 (21.3%) 0.990

Northeast 138 (18.8%) 148 (23.6%) 0.028 75 (17.8%) 63 (20.1%) 0.440

South 402 (54.7%) 247 (39.5%) \ 0.001 236 (56.1%) 166 (52.9%) 0.390

West 38 (5.2%) 68 (10.9%) \ 0.001 20 (4.8%) 18 (5.7%) 0.552

Insurance plan type at index date, N (%)

Commercial 21 (2.9%) 307 (49.0%) \ 0.001 11 (2.6%) 10 (3.2%) 0.645

Medicaid 69 (9.4%) 20 (3.2%) \ 0.001 39 (9.3%) 30 (9.6%) 0.894

Medicare 241 (32.8%) 94 (15.0%) \ 0.001 158 (37.5%) 83 (26.4%) 0.002

Pharmacy Benefit Management 81 (11.0%) 0 (0.0%) \ 0.001 45 (10.7%) 36 (11.5%) 0.740

Unknown/Unspecified Plan 323 (43.9%) 0 (0.0%) \ 0.001 168 (39.9%) 155 (49.4%) 0.012

Clinical characteristics

Charlson Comorbidity Index

(CCI)f, Mean ± SD

1.31 ± 1.59 2.31 ± 1.89 \ 0.001 1.22 ± 1.55 1.44 ± 1.65 0.064

Comorbid conditions, N (%)

Cardiovascular/circulatory 424 (57.7%) 416 (66.5%) \ 0.001 242 (57.5%) 182 (58.0%) 0.896

Mental health 141 (19.2%) 170 (27.2%) \ 0.001 72 (17.1%) 69 (22.0%) 0.097

Musculoskeletal 44 (6.0%) 53 (8.5%) 0.076 23 (5.5%) 21 (6.7%) 0.489

Respiratory 454 (61.8%) 355 (56.7%) 0.058 256 (60.8%) 198 (63.1%) 0.535

Other 360 (49.0%) 341 (54.5%) 0.043 198 (47.0%) 162 (51.6%) 0.221
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maximum CS dose (– 2.05 mg vs. – 1.35 mg)
and average daily dose (– 1.98 mg vs. – 1.43 mg)
(Fig. 2).

Patients with Acthar Gel treatment experi-
enced a greater reduction from baseline in the
percentage of patients with antineoplastic pre-
scription use (– 2.3% vs. 0.3%) compared to
patients with other comparator treatments
(Fig. 3). The above average Acthar Gel adher-
ence cohort experienced greater reductions in
other drug use of interest compared to the
below average Acthar Gel adherence cohort.
Patients with above average adherence had a
greater reduction in the percentage of patients
with antineoplastic prescription use (– 4.5% vs.
0.3%), immunosuppressive use (– 1.2% vs.
0.3%), and other non-biologic DMARD pre-
scription use (0.0% vs. 1.9%) (Fig. 4).

DISCUSSION

This study was one of the first of its kind to
assess the effect of Acthar Gel use, on both the

intensive and the extensive margin, on clinical
outcomes in a real-world setting. To control for
the numerous underlying differences in patient
demographics and clinical outcomes in the
baseline period between the Acthar Gel and
comparator control cohorts and the above and
below average Acthar Gel adherence cohorts,
differences from baseline metrics were reported
for each clinical outcome of interest. In addi-
tion to reporting the outcomes with statistically
significant differences in differences from base-
line across cohorts, this study also reports some
outcomes with large but statistically insignifi-
cant differences in differences from baseline.

At baseline, the above average Acthar Gel
adherence cohort was comparable to the below
average cohort across many demographic char-
acteristics but had higher rates of CS use than
the below average cohort. The below average
cohort had higher rates of some select comor-
bidities than the above average cohort, such as
mild liver disease. Compared to the comparator
control cohort, the Acthar Gel cohort was
slightly younger and had a smaller proportion

Table 3 continued

Acthar Gel vs. comparator Acthar Gel adherence sample

All Acthar
Gel

Comparatorb P-valued Above
averagec

Below
averagec

P-
valued

N = 735 N = 626 N = 421 N = 314

Sarcoidosis care metrics, N (%)

Blood testing 359 (48.8%) 484 (77.3%) \ 0.001 197 (46.8%) 162 (51.6%) 0.198

Chest x-ray 46 (6.3%) 129 (20.6%) \ 0.001 27 (6.4%) 19 (6.1%) 0.815

Lung function testing 273 (37.1%) 192 (30.7%) 0.012 138 (32.8%) 135 (43.0%) 0.005

Use of oxygen 64 (8.7%) 35 (5.6%) 0.027 37 (8.8%) 27 (8.6%) 0.928

CCI Charlson Comorbidity Index, SD standard deviation
aIndex date was defined as the first observed claim for Acthar Gel following any diagnosis of sarcoidosis
bComparator therapies included oral JAK inhibitors and rituximab outlined in the European Respiratory Society treatment
guidelines for sarcoidosis in Baughman et al. [9]
cPatients were classified as adherent if they had a calculated proportion of days covered (PDC) of Acthar Gel in the 1-year
follow-up period greater than the mean PDC for Acthar Gel among the overall sample in that period
dStatistical testing was conducted using chi-square tests for categorical variables and t-tests for continuous variables
eEvaluated on the index date
fThe Quan-Charlson Comorbidity Index (CCI), a composite measure of the patient’s health status, was calculated based on
the 17 conditions and respective weights set forth by Quan et al. See Quan, H., et al., Coding algorithms for defining
comorbidities in ICD-9-CM and ICD-10 administrative data. Med Care, 2005. 43(11): p. 1130–1139
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Table 4 Baseline treatments of interest

Acthar Gel vs. comparator Acthar Gel adherence sample

All Acthar
Gel

Comparatorb P-valued Above
averagec

Below
averagec

P-
valued

N = 735 N = 626 N = 421 N = 314

Corticosteroids (CS)

Patients with C 1 CS

prescription, N (%)

585 (79.6%) 350 (55.9%) \ 0.001 334 (79.3%) 251 (79.9%) 0.841

Intermittent use (\ 60 days) 138 (18.8%) 151 (24.1%) 0.016 82 (19.5%) 56 (17.8%) 0.573

Low dose (B 7.5 mg/day) 59 (8.0%) 88 (14.1%) \ 0.001 32 (7.6%) 27 (8.6%) 0.622

Medium dose ([ 7.5

and B 15 mg/day)

58 (7.9%) 56 (8.9%) 0.484 42 (10.0%) 16 (5.1%) 0.015

High dose ([ 15 mg/day) 73 (9.9%) 65 (10.4%) 0.783 36 (8.6%) 37 (11.8%) 0.147

Number of CS prescriptions,

mean ± SD

0.37 ± 0.92 0.51 ± 1.13 0.252 0.38 ± 0.91 0.35 ± 0.93 0.806

Maximum CS dose (mg),

mean ± SD

2.84 ± 7.18 4.23 ± 10.75 0.202 2.83 ± 7.32 2.85 ± 7.00 0.987

Average daily dose (mg),

mean ± SD

2.36 ± 5.78 3.38 ± 8.74 0.248 2.35 ± 5.82 2.38 ± 5.75 0.976

Extended use (C 60 days) 447 (60.8%) 199 (31.8%) \ 0.001 252 (59.9%) 195 (62.1%) 0.538

Low dose (B 7.5 mg/day) 253 (34.4%) 157 (25.1%) \ 0.001 142 (33.7%) 111 (35.4%) 0.647

Medium dose ([ 7.5

and B 15 mg/day)

305 (41.5%) 108 (17.3%) \ 0.001 176 (41.8%) 129 (41.1%) 0.844

High dose ([ 15 mg/day) 231 (31.4%) 94 (15.0%) \ 0.001 124 (29.5%) 107 (34.1%) 0.182

Number of CS prescriptions,

mean ± SD

3.92 ± 4.38 2.23 ± 3.98 \ 0.001 3.84 ± 4.36 4.03 ± 4.40 0.649

Maximum CS dose (mg),

mean ± SD

9.32 ± 10.01 4.97 ± 10.87 \ 0.001 9.07 ± 10.03 9.67 ± 9.99 0.530

Average daily dose (mg),

mean ± SD

6.72 ± 6.77 3.03 ± 5.66 \ 0.001 6.65 ± 6.93 6.80 ± 6.56 0.816

Patients with C 1 other non-

biologic DMARD prescription,

N (%)

67 (9.1%) 97 (15.5%) \ 0.001 34 (8.1%) 33 (10.5%) 0.257

Total filled per patients

with C 1 DMARD prescription

0.41 ± 1.72 0.74 ± 2.36 0.239 0.39 ± 1.75 0.44 ± 1.67 0.905

Concomitant therapies, N (%)

Antiasthmatics 444 (60.4%) 203 (32.4%) \ 0.001 254 (60.3%) 190 (60.5%) 0.961

Antidepressants 284 (38.6%) 203 (32.4%) 0.017 173 (41.1%) 111 (35.4%) 0.114
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of female patients. The comparator control
cohort included a larger proportion of patients
on a commercial insurance plan than the
Acthar Gel cohort. However, this comparison
may be misleading as 43.9% of patients in the
Acthar Gel cohort were observed to be on an
unknown insurance plan, which may include a
large proportion of patients who are commer-
cially insured. The Acthar Gel cohort also had
lower rates of comorbid conditions, with the
exception of respiratory comorbidities. In
addition, the Acthar Gel cohort had substan-
tially higher rates of CS use at baseline than the
comparator control cohort. These differences in
patient demographic and clinical characteristics
at baseline across the cohorts of interest
underscore the importance of using differences
from baseline to evaluate the effect of Acthar
Gel use on outcomes of interest.

As stated above, the various comparator
cohorts were observed to have substantial dis-
parities in baseline characteristics. To control
for these disparities, differences from baseline
for each outcome of interest were evaluated for
each cohort, and these differences from baseline
were then compared across cohorts. As this
method thus controls for differences in baseline
characteristics, the differences in differences
that are observed across cohorts can be reason-
ably attributed to the exposure of interest,
whether that exposure is utilization of Acthar
Gel or adherence to Acthar Gel. This compar-
ison of differences from baseline showed that
the Acthar Gel cohort had beneficial reductions
compared to the comparator control cohort for
several CS use measures, such as the proportion
of patients with any CS use, the proportion of
patients with extended CS use, and the average

Table 4 continued

Acthar Gel vs. comparator Acthar Gel adherence sample

All Acthar
Gel

Comparatorb P-valued Above
averagec

Below
averagec

P-
valued

N = 735 N = 626 N = 421 N = 314

Antineoplastic agents 165 (22.4%) 136 (21.7%) 0.749 91 (21.6%) 74 (23.6%) 0.531

Bisphosphonates 55 (7.5%) 31 (5.0%) 0.056 34 (8.1%) 21 (6.7%) 0.479

Corticosteroids 585 (79.6%) 350 (55.9%) \ 0.001 334 (79.3%) 251 (79.9%) 0.841

Immunosuppressive agents 102 (13.9%) 64 (10.2%) 0.040 58 (13.8%) 44 (14.0%) 0.927

NSAIDs 246 (33.5%) 159 (25.4%) 0.001 132 (31.4%) 114 (36.3%) 0.159

Prescriptions, mean ± SD

Total prescriptions filled per

patient

59.42 ± 46.90 46.22 ± 48.24 \ 0.001 60.57 ± 49.14 57.89 ± 43.74 0.444

Total number of unique drugs

used

22.83 ± 14.74 17.89 ± 15.57 \ 0.001 22.70 ± 14.82 23.01 ± 14.67 0.778

CS corticosteroid, DMARD disease-modifying anti-rheumatic drugs, NSAID non-steroidal anti-inflammatory drugs, SD
standard deviation
aIndex date was defined as the first observed claim for Acthar following any diagnosis of sarcoidosis
bComparator therapies included oral JAK inhibitors and rituximab outlined in the European Respiratory Society treatment
guidelines for sarcoidosis in Baughman et al. [9]
cPatients were classified as adherent if they had a calculated proportion of days covered (PDC) of Acthar Gel in the 1-year
follow-up period greater than the mean PDC for Acthar Gel among the overall sample in that period
dStatistical testing was conducted using chi-square tests for categorical variables and t-tests for continuous variables
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daily dosage of CS. In addition, this comparison
showed that the above average Acthar Gel
adherence cohort had beneficial reductions
from baseline in CS use compared to the below
average adherence cohort, including the pro-
portion of patients with any CS use, the pro-
portion of patients with extended CS use, and
the proportion of patients with medium and
high dose CS. Taken together, these findings
imply that use of Acthar Gel has a substantial
steroid-sparing effect compared to similar later-
line treatments for sarcoidosis and that this
steroid-sparing effect is magnified with better
adherence to Acthar Gel. Because long-term
corticosteroid use can lead to serious adverse
events and worse health outcomes, a reduction
in steroid burden due to Acthar Gel use may
mean that patients can enjoy improved quality

of life measures for fatigue, daily activities, and
general satisfaction [16–20].

This study assessed the effect of Acthar Gel
use on several other clinical outcomes in addi-
tion to CS use measures. The above average
adherence cohort had beneficial reductions
from baseline compared to below average
adherence patients in rates of other drug use,
specifically use of antineoplastic agents,
immunosuppressives, and other non-biologic
DMARDs. These findings imply that there are
additional benefits of maintaining high adher-
ence to Acthar Gel beyond the steroid-sparing
effect of high adherence.

This study is subject to several limitations
inherent to the data source and claims studies
more generally. First, as this is a claims study,
this is a retrospective and not a prospective
analysis. Therefore, this study is subject to the

Fig. 1 Corticosteroid use, change from baseline: Acthar Gel vs. comparator. CS corticosteroid. *p\ 0.05, **p\ 0.01,
***p\ 0.001
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usual limitations of retrospective studies com-
pared to prospective analyses, such as increased
risk of unobserved confounding variables. In
addition, because the Symphony IDV is an
open-source database linking patient claims
from diverse data feeds, the database does not
contain complete eligibility records for patients
making it possible that not all claims for a given
patient may be captured in the data. Further-
more, many measures assessed for this project
are subject to the usual drawbacks of claims data
resulting from errors in the entries of claims—
for example, the identification of diagnoses of
interest relies on ICD codes, which may be lis-
ted on a claim erroneously. Additionally, claims
data are inherently left-censored, which means
that there is no way to discern with absolute
certainty whether patients in the control cohort
have no use of Acthar Gel, as it is impossible to

observe any potential use of Acthar Gel prior to
their claims history that is included in the data.

The adherence analysis is also subject to
limitations presented by the use of claims data.
The primary limitation is that there is no visi-
bility into how a patient utilizes Acthar Gel after
a claim has been filled—one cannot tell whether
a patient uses the full supply of Acthar Gel as
recommended upon dispensing or fails to use
Acthar Gel as recommended. Therefore,
assumptions must be made that patients utilize
the full quantity of any drug dispensed and do
not stop use early. Another limitation of the
adherence analysis is that Acthar Gel dosage is
dependent on the weight of the patient, and, as
weight information is not available in Sym-
phony IDV, there is no way to tell how many
true days of supply are dispensed based on the
quantity of Acthar Gel dispensed. Therefore,

Fig. 2 Corticosteroid use, change from baseline: Acthar Gel above average vs. below average adherence. CS corticosteroid.
*p\ 0.05, **p\ 0.01, ***p\ 0.001
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one must assume that the days of supply asso-
ciated with a particular quantity of Acthar Gel
dispensed is the same for all patients.

The observed reduction in CS dosage is sub-
ject to limitations that have been observed in
prior research. Some prior studies have indi-
cated that patients with sarcoidosis using high
doses of CS can occasionally taper down to a
lower dose while still maintaining control of
disease [21]. Therefore, some of the reduction in
CS dosage observed among high-dose patients
may be attributable to natural tapering that is
indistinguishable from reduction in CS dosage
due to use of Acthar Gel.

CONCLUSIONS

This study is one of the first to utilize real-world
administrative claims data to estimate the
impact of Acthar Gel adherence on clinical
outcomes among patients with sarcoidosis. In
addition, this study estimates the impact of
Acthar Gel use on clinical outcomes compared
to other later-line treatments for sarcoidosis.
The primary finding of this study is that Acthar
Gel has a steroid-sparing effect compared to
other later-line sarcoidosis treatments and that
this steroid-sparing effect is magnified with
better adherence to Acthar Gel. This finding
may help providers and health plans evaluate
situations in which Acthar Gel treatment may
be beneficial to improve quality of care and
patient outcomes, particularly among patients

Fig. 3 Use of other treatments of interest, change from baseline: Acthar Gel vs. comparator. DMARD disease-modifying
anti-rheumatic drug, NSAID non-steroidal anti-inflammatory drug. *p\ 0.05, **p\ 0.01, ***p\ 0.001
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who are unable to tolerate corticosteroids. Fur-
thermore, this finding emphasizes the impor-
tance of adherence to Acthar Gel in maximizing
potential benefits to patient outcomes. Further
investigation, such as a prospective study,
would aid in demonstrating the efficacy and
steroid-sparing effect of Acthar Gel. These
results underline the importance of continued
access to alternative therapies in the population
of patients with sarcoidosis.
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