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ORIGINAL ARTICLE

Consequences of insurance denials among U.S. patients prescribed repository
corticotropin injection (Acthar Gel) for nephrotic syndrome

J. Bradford Ricea, Mary P. Panacciob, Alan Whitea, Mark Simesa, Emma Billmyera, Nathaniel Downesa,
John Niewoehnerb and George J. Wanb

aAnalysis Group Inc., Boston, MA, USA; bMallinckrodt Pharmaceuticals, Bedminster Township, NJ, USA

ABSTRACT
Introduction: Repository corticotropin injection (RCI; Acthar Gel) is indicated to induce a diuresis or a
remission of proteinuria in nephrotic syndrome (NS) without uremia of the idiopathic type or that due
to lupus erythematosus. This study compares patient characteristics and measurable healthcare
resource utilization (HCRU) between NS patients who received a prescription for RCI and then were
either approved or denied treatment by their insurers.
Methods: A retrospective analysis of adults with NS from January 2015 to December 2018 was con-
ducted using a de-identified open-source claims database. Patients were included in the study if they
had �1diagnosis associated with NS, were age 18þ, and had medical claims activity at some point in
the year preceding (“baseline”) and year following (“follow up”) their first approved or denied RCI pre-
scription. Baseline characteristics were reported with p-values indicating the significance of characteris-
tics between cohorts. To assess outcomes, approved and denied patients were matched (1:1) using
propensity-matching to account for underlying differences.
Results: Overall, 1,232 patients met inclusion criteria for the study. At baseline, approved patients
were older than denied patients (mean age 53.9 vs. 48.4) and had higher rates of comorbidities. A
greater proportion of approved patients required inpatient admissions (34.1 vs. 28.0%) and "high"
doses of corticosteroids (CS) (26.2 vs. 20.7%) at baseline. Matched outcomes showed directionally
more denied patients with inpatient admissions compared to approved (64 vs. 52) and a greater util-
ization of deep vein thrombosis ultrasound (12.2 vs. 6.6%) and dialysis (10.5 vs. 6.1%). Matched, denied
patients had directionally greater CS use during follow-up both in the number of patients receiving CS
(104 vs. 95) and the average annualized daily dose (4.1 vs. 3.4mg).
Conclusion: Patients denied access to RCI treatment had directionally higher HCRU compared to
matched, approved counterparts. Thus, the results of this study may aid providers and payers in evalu-
ating scenarios where RCI may be beneficial and improve quality of care for NS patients.
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Introduction

Nephrotic syndrome (NS) is a presentation of kidney disease
characterized by elevated levels of protein in the urine
(heavy proteinuria), low levels of albumin in the blood,
(hypoalbuminemia), swelling of the lower extremities (periph-
eral edema), and abnormally high blood serum levels of fat
and cholesterol (hyperlipidemia)1–3. NS may develop as the
result of a number of different primary, idiopathic conditions
or secondary conditions that affect the kidneys. Primary
causes of NS include focal segmental glomerulosclerosis
(FSGS), minimal change disease (MCD), membranous nephr-
opathy (MN), membranoproliferative glomerulonephritis
(MPGN), and immunoglobulin-A nephropathy (IgAN).
Common secondary diseases that may result in NS include
lupus nephritis and diabetic nephropathy. Although NS is a
rare condition - estimated to occur in 3 out of 100,000 adults

every year - patients who present with NS have significant
morbidity and mortality due to increased risk of complica-
tions such as infection, deep-vein or renal-vein thrombosis,
bone disease and renal failure1.

Current first-line treatments for NS attempt to target the
underlying pathology while simultaneously mitigating the
various complications associated with NS via background
treatments (e.g. angiotensin-converting enzyme [ACE] inhibi-
tors, angiotensin receptor blockers [ARBs], diuretics, beta
blockers and calcium channel blockers)3. In an attempt to
achieve remission of NS, patients are often prescribed
immunosuppressive agents such as corticosteroids (CS), calci-
neurin inhibitors (CNI), antimetabolytes or cytotoxic drugs4,5.
Many of these patients, however, either experience relapse
after remission or are resistant to these first-line immunosup-
pressive therapies4,6.
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In the 1950s, adrenocorticotropic hormone (ACTH)
emerged as a safe and effective treatment for NS resulting in
the reduction or remission of proteinuria5. Currently, ACTH is
available in the U.S. as repository corticotropin injection (RCI:
Acthari Gel), a naturally sourced complex mixture of adreno-
corticotropic hormone analogues and other pituitary pepti-
des, and is indicated to induce a diuresis or a remission of
proteinuria in nephrotic syndrome without uremia of the
idiopathic type or that due to lupus erythematosus7. More
recently, there is a growing body of evidence from clinical
studies, retrospective case series, and case reports that show
the effectiveness of RCI treatment in achieving complete or
partial remission of proteinuria in NS4–6,8–20. Despite clinical
evidence supporting the efficacy, safety, and economic bene-
fits of RCI treatment for NS, third party payers deny many
patients coverage for RCI through implementation of strin-
gent utilization management. Coverage of RCI treatment for
NS by US commercial plans is available only through a for-
mulary exception (i.e. medical exception), request for a non-
formulary specialty prescription. Although formulary restric-
tions are implemented to reduce drug utilization and associ-
ated drug costs, the resultant pharmacy cost savings may be
offset by increased health care resource utilization and med-
ical costs21.

There is a relative paucity of research, however, regarding
the impact of formulary restrictions on clinically relevant
health care resource utilization (HCRU) measures among
adult NS patients treated with RCI. This study aims to fill that
gap, and build upon the growing body of literature in NS
treatments, by comparing patient characteristics and out-
comes among NS patients whose RCI prescriptions are
approved by insurers (and therefore undergo RCI treatment)
versus and those who are denied (and therefore are treated
with other options). In doing so, the study evaluates measur-
able, clinically relevant (HCRU) across the approved and
denied cohorts, controlling for underlying differences in
demographic and clinical characteristics observed during the
one-year period prior to patients’ approval or denial ("base-
line"). The analysis of demographic and clinical characteristics
observed during the baseline period is itself informative as
to the types of patients who may be more likely to have
their prescription for RCI treatment either approved or
denied by third party payers.

Patients and methods

Overview

To assess the resource use for NS patients ultimately receiv-
ing access to RCI treatment versus those patients who did
not, and to understand the demographic and clinical charac-
teristics of NS patients approved for RCI treatment compared
to NS patients denied RCI treatment, this study implemented
a retrospective cohort analysis of a de-identified open source
claims database. Demographic and clinical characteristics and
HCRU were assessed during a baseline period, defined as the
12months preceding a patient’s index date; the index date
for each patient was defined as the date of the first
approved RCI claim (for approved patients) or the date of

the first denied claim (for denied patients). HCRU for
approved and denied patients were compared during a fol-
low-up period, defined as the 12months following the index
date. The difference in HCRU between NS patients approved
for use of RCI versus those denied were assessed during the
follow-up period using a matched cohort study design to
account for baseline differences in patient demographic and
clinical characteristics as well as prior HCRU and costs.

Data source

This study used a de-identified open source claims database
(Symphony Health Integrated Dataverse [IDV]) that links data
from pharmacy point-of-service systems, payer adjudication
services (clearing houses), and direct prescription, medical,
and hospital feeds. 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 U.S. population age
and gender mix with claims from multiple payer types,
including Medicaid (federal and state government health
insurance program for individuals with low income) fee-for-
service (FFS), Managed Medicaid, Medicare (federal health
insurance program, predominantly for individuals aged 65þ),
and commercial payers. Within these payer types, a variety
of payers are represented, each with varying plan, formulary
and claim authorization criteria. While the specific details of
individual plan structures are not contained in the data, the
database captures prescription claims from two types of data
streams: clearing-house claims that have been processed
through a payer’s adjudication system and direct-feed claims
from pharmacy point-of-service systems. For claims proc-
essed through payers’ adjudication systems, the data contain
the full cycle of a patient’s claim adjudication status making
it possible to analyze a patient’s history of denied and
approved claims. For claims originating in pharmacy point-
of-service systems, only the final approved status of the
claim is available. All prescription claims in the data contain
detailed information regarding final claim approval status
(i.e. approved or denied), fill date, national drug code, days’
supply and payment amounts, making it possible to track
patients who received access to a particular drug versus
those who were denied access by U.S. payers. The data also
contain linked medical claims for 72% of individuals with
prescription claims activity which allows for the assessment
of HCRU outcomes among the patient population
of interest22.

Sample selection

In order to be eligible for the study, patients were required
to have submitted at least one prescription claim for RCI,
ultimately either approved or denied, during the four-year
period of 1 January 2015 through 31 December 2018.
Prescription claims for RCI were identified in the data using
Generic Product Identification codes (GPI), National Drug
Codes (NDC), and codes from the Healthcare Common
Procedure Coding System (HCPCS). In addition to having at
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least one prescription claim for RCI in the data, patients were
required to have at least one medical claim with an ICD-9-
CM/ICD-10-CM diagnosis code indicating a condition
associated with NS. Diagnoses associated with NS and their
corresponding ICD-9-CM (580.xx-589.xx, 791.xx) and ICD-10-
CM (N00-N08) were used to identify patients for the
study sample.

Based on their prescription history in the data, patients
meeting the above criteria were divided into two mutually
exclusive cohorts: patients approved for RCI treatment (i.e.
patients having at least one approved prescription claim in
the data) and patients denied access to RCI (i.e. patients hav-
ing no approved claims in the data). Patients in both cohorts
were required to be age 18 or older on their index date.
Because the data aggregate medical and prescription claim
activity over time from a diverse set of sources and do not
definitively report the timeframe of a patient’s insurance eli-
gibility, the study utilized the date-stamps of a patient’s
claims activity to approximate the length of a patient’s insur-
ance eligibility. To ensure that all relevant medical and pre-
scription claims were captured during a patient’s baseline
and follow-up periods, patients were required to have at
least one active claim in the data during the first three
months of their baseline period (i.e. months 9–12 prior to
their index date) and the last three months of their follow-
up period (i.e. months 9–12 after their index date). To ensure
that patient outcomes could be observed for the full 12-
month follow-up period, the study required patients to have
an index date occurring before 2018.

Statistical analyses

To compare outcomes between patients who were approved
for RCI treatment and those who were denied, the study
implemented a propensity score matching methodology that
took into account the underlying differences between the
two cohorts observed in the baseline period22. This approach
allowed the study to create a scenario in which matched
approved and denied patients were observably similar based
on baseline measures that were available in the database,
and to thereby carry out a more direct comparison of the
difference in HCRU associated with RCI treatment for NS
while reducing bias. Specifically, approved patients were
matched to denied patients based on a “greedy” propensity
score matching methodology using all characteristics
assessed during the baseline period23 (See Table 1 for a com-
plete list of characteristics used in the matching algorithm).
Denied patients were matched one-to-one to approved
patients with the nearest propensity score (± 1=4 of a stand-
ard deviation).

For categorical variables, statistical significance was
assessed using chi-squared tests for comparisons between
pre-match outcomes, and McNemar tests for the matched
cohorts. For continuous variables, statistical significance was
assessed using Wilcoxon rank-sum tests (pre-match) and
Wilcoxon signed-rank tests (post-match). Statistical analyses
were performed separately for each cohort using SAS

Enterprise Guide version 7.15 (SAS Institute Inc., Cary,
NC, USA).

To better understand the impact of commercial payer
coverage restrictions to access, sub-group analysis by payer
type was conducted for the matched cohorts.

Study measures

Demographic, HCRU, and clinical characteristics relevant to
the diagnosis and treatment of NS were evaluated for both
the approved and denied cohorts. Patient demographics
included patient age at the time of index date, gender, U.S.
census region, the year in which their index date occurred,
and insurance plan type (e.g. Medicare, Medicaid,
Commercial, and Other/Unspecified). Clinical characteristics
evaluated in the baseline period included the time elapsed
since a patient’s initial NS diagnosis in the data (including
diagnoses that may date prior to the 12-month baseline
period) in addition to the number of claims with a diagno-
sis for NS (as proxies for disease severity). Additionally, the
number of patients with specific NS subtypes (FSGS, IgAN,
MN, MCD, lupus nephritis, MPGN) was reported. During the
baseline period, the study also reported patients’ Charlson
Comorbidity Index (a composite measure of the patient’s
health status) as well as the incidence of other comorbid-
ities commonly observed in patients with NS including
mood disorder diagnoses, mobility impairment indicators,
cardiac comorbidities, pulmonary comorbidities, vascular
comorbidities, bone disorders, anemia, and renal
comorbidities.

In both the baseline and follow-up periods, the study
assessed the use of selected treatments and procedures for
NS such as NS background therapies, NS related treatments
(e.g. CNI and mycophenolate mofetil [MMF]), dialysis, and
renal transplant.

As an assessment of disease progression during the fol-
low-up period, the study reported the number of patients
with end stage renal disease and chronic kidney disease as
well as the number of patients receiving targeted NS treat-
ments (e.g. chlorambucil, cyclophosphamide, proteasome
inhibitor, and rituximab). Additionally, patient utilization of
ultrasounds, deep vein thrombosis (DVT) ultrasounds, dialysis,
plasmapheresis, creatinine and proteinuria tests, renal trans-
plant and kidney biopsies was reported.

Total all-cause HCRU was examined for approved and
denied patients in both periods. Resource utilization was
categorized by place of service to identify sources of differ-
ential utilization. Place of service categories included the fol-
lowing: inpatient, outpatient/physician office and other. To
compare the utilization of prescription medication in both
cohorts, the average number of prescriptions per patient was
assessed. The study also analyzed patients’ CS use (e.g. the
average number of CS prescriptions per patient along with
the average annualized daily dose), and the use of disease
modifying anti-rheumatic drugs (DMARDs).

Where the descriptive and comparative observations do
not cross conventional thresholds of statistical significance,
the study highlights results with greater than 10% relative
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Table 1. Patient demographics and clinical characteristics during the baseline period.

Baseline characteristics Nephrotic syndrome

N¼ 1232

Approved patients Denied patients p-Valuea

(n¼ 1039) (n¼ 193)

Demographics
Age, mean ± SD [median] 53.9 ± 16.0 [56] 48.4 ± 15.7 [50] <.0001
Gender, female 549 (52.8%) 93 (48.2%) .23
Year of index date
2015 125 (12.0%) 21 (10.9%) .65
2016 572 (55.1%) 67 (34.7%) <.0001
2017 342 (32.9%) 105 (54.4%) <.0001

Region
Midwest 173 (16.7%) 24 (12.4%) .14
Northeast 214 (20.6%) 47 (24.4%) .24
South 525 (50.5%) 89 (46.1%) .26
West 127 (12.2%) 32 (16.6%) .10
Unknown 0 (0.0%) 1 (0.5%) .16

Insurance plan typeb

Cash 5 (0.5%) 1 (0.5%) 1.00
Commercial 71 (6.8%) 35 (18.1%) <.0001
Medicaid 106 (10.2%) 25 (13.0%) .25
Medicare 311 (29.9%) 30 (15.5%) <.0001
PBM, pharmacy benefit manager 89 (8.6%) 29 (15.0%) <.01
Other/Unspecified 460 (44.3%) 80 (41.5%) .47

Clinical characteristics
Charlson comorbidity index, mean ± SD [median] 1.7 ± 1.6 [1] 1.6 ± 1.7 [1] .37

Condition specific comorbidities
Anemia 353 (34.0%) 64 (33.2%) .83
Bone disorders 175 (16.8%) 25 (13.0%) .18
Cardiac comorbidities 680 (65.4%) 110 (57.0%) .02
Pulmonary comorbidities 151 (14.5%) 23 (11.9%) .34
Renal comorbidities 834 (80.3%) 151 (78.2%) .52
Vascular comorbidities 107 (10.3%) 16 (8.3%) .39

Mood disorder diagnoses 166 (16.0%) 22 (11.4%) .10
Other autoimmune diseases
Lupus 159 (15.3%) 33 (17.1%) .53
MS relapse 51 (4.9%) 4 (2.1%) .08
Rheumatoid arthritis 90 (8.7%) 22 (11.4%) .22
Sarcoidosis 69 (6.6%) 6 (3.1%) .06

Proxies for disease severity, mean ± SD [median]
Days between diagnosis and index date 384.1 ± 335.4 [387] 444.7 ± 373.5 [459] .01
Number of nephrology diagnoses 4.2 ± 7.9 [2] 3.7 ± 7.1 [1] .01
Number of nephrology diagnoses in inpatient setting 0.6 ± 2.6 [0] 0.7 ± 3.4 [0] .59

Mobility indicators
Overall 36 (3.5%) 4 (2.1%) .32
Cane/Crutch 6 (0.6%) 1 (0.5%) 1.00
Specialty bed 3 (0.3%) 0 (0.0%) 1.00
Walker 17 (1.6%) 2 (1.0%) .75
Wheelchair 7 (0.7%) 1 (0.5%) 1.00

Nephrotic syndrome subtype
Focal and segmental glomerulosclerosis (FSGS) 313 (30.1%) 52 (26.9%) .37
IgA nephropathy (IgAN) 243 (23.4%) 52 (26.9%) .29
Membranous nephropathy (MN) 275 (26.5%) 45 (23.3%) .36
Minimum change disease (MCD) 72 (6.9%) 15 (7.8%) .67
Lupus nephritis 49 (4.7%) 11 (5.7%) .56
NS subtype
Membranoproliferative glomerulonephritis (MPGN) 70 (6.7%) 14 (7.3%) .79
Non-specific type 428 (41.2%) 83 (43.0%) .64

Condition specific healthcare resource utilization
Corticosteroid (CS)
Patients with� 1 CS 644 (62.0%) 115 (59.6%) .53
Number of CS claims, mean ± SD [median] 2.9 ± 3.8 [2] 3.1 ± 4.0 [1] .86
Annualized average daily dose (mg), mean ± SD [median] 5.2 ± 7.9 [1] 5.2 ± 8.1 [1] .63
Maximum CS dose (mg), mean ± SD [median] 9.6 ± 11.3 [5] 8.3 ± 10.3 [5] .20
Number of patients w/high dose (15mg/day) CS use 272 (26.2%) 40 (20.7%) .11

DMARD use
Anti-TNF drugs 14 (1.3%) 5 (2.6%) .20
Mean ± SD 5.1 ± 3.4 [5] 3.8 ± 1.3 [4] .71

Other biologics 16 (1.5%) 3 (1.6%) 1.00
Mean ± SD 3.4 ± 2.2 [3] 4.3 ± 3.1 [5] .62

Methotrexate 42 (4.0%) 5 (2.6%) .33
Mean ± SD 4.8 ± 3.7 [3] 6.2 ± 4.0 [6] .49

Other non-biologics 418 (40.2%) 83 (43.0%) .47
(continued)
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difference between approved and denied patients, to indi-
cate directional differences of potential clinical interest.

Compliance with ethics guidelines

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

Results

Sample selection

Of the 20,767 patients in the Symphony Health IDV database
with at least one prescription claim for RCI during the study
period, 1232 patients had a diagnosis of NS and met the
inclusion criteria of being age 18 or older on their index
date with at least 12months of eligibility during both their
baseline and follow-up periods (Figure 1). Out of the 1232NS
patients eligible for the sample, 1039 patients had at least

one approved claim for RCI while 193 patients had no
approved RCI claims. Among all approved and denied
patients in the sample, the full claim cycle (i.e. the history of
approvals and/or denials of their RCI claims) was available
for 699 (56.7%) patients; conversely, 533 (43.3%) patients had
only direct feed claims. Because direct feed claims in the
data originate from pharmacy point-of-sale feeds, they are
necessarily approved claims (i.e. they are entered at the time
of dispense and payment). Thus, the 533 patients with direct
feed only claims are included in the 1039 patients that make
up the approved cohort (Figure 1).

Approval process

Among the 699 patients in the sample for whom the full claims
cycle (i.e. full history of approvals and denials) was available,
analysis of the approval process showed that 54.7% of patients
with an approved prescription for RCI have no denied claims in
the data, meaning that the remaining 45.3% of patients in the
approved cohort had at least one denied claim prior to being

Table 1. Continued.

Baseline characteristics Nephrotic syndrome

N¼ 1232

Approved patients Denied patients p-Valuea

(n¼ 1039) (n¼ 193)

Mean ± SD 6.3 ± 5.4 [4] 6.7 ± 6.1 [5] .97
NS related treatments
CNI and MMF 278 (26.8%) 54 (28.0%) .73

NS background therapies
ACEIs/ARBs 411 (39.6%) 77 (39.9%) .93
Anticoagulants 141 (13.6%) 28 (14.5%) .73
Beta blockers 449 (43.2%) 79 (40.9%) .56
Calcium channel blockers 395 (38.0%) 64 (33.2%) .20
Diuretics 634 (61.0%) 105 (54.4%) .08
Statins 556 (53.5%) 93 (48.2%) .17

NS related procedures
Dialysis 38 (3.7%) 5 (2.6%) .46
Renal transplant 6 (0.6%) 0 (0.0%) .60

All-cause healthcare resource utilizationc

Medical
Inpatient
Patients with� 1 visit 354 (34.1%) 54 (28.0%) .10
Visits per patient, mean ± SD [median] 2.4 ± 2.4 [1] 2.5 ± 2.0 [2] .24
Days per visit, mean ± SD [median] 7.9 ± 9.6 [5] 9.5 ± 10.1 [6] .12

Outpatient
Patients with� 1 visit 959 (92.3%) 176 (91.2%) .60
Visits per patient, mean ± SD [median] 14.9 ± 18.5 [10] 12.8 ± 17.1 [8] .03

Other place of setting
Patients with� 1 visit 548 (52.7%) 88 (45.6%) .07
Visits per patient, mean ± SD [median] 7.1 ± 15.1 [3] 8.1 ± 25.8 [3] .99

Prescription, mean ± SD [median]
Total prescriptions filled per patient 53.7 ± 42.3 [46] 49.9 ± 45.0 [39] .08
Unique prescriptions filled per patient 20.7 ± 14.0 [19] 18.3 ± 13.3 [16] .02

All-cause healthcare cost, ($) mean ± SD [median]
Total cost 34,582 ± 91,943 [11,406] 27,800 ± 82,289 [8570] .04
Medical cost 28,689 ± 90,031 [7144] 24,610 ± 81,132 [6421] .22
Inpatient 1870 ± 7671 [0] 1767 ± 5644 [0] .32
Outpatient 23,891 ± 85,219 [4542] 21,122 ± 79,491 [4055] .25
Otherc 2928 ± 24,695 [88] 1721 ± 5736 [0] .25

Prescription cost 5892 ± 12,147 [1789] 3,190 ± 5,345 [1307] <.01

Abbreviations. DMARD, disease-modifying antirheumatic drug; TNF, tumor necrosis factor; CNI, calcineurin inhibitor; MMF, mycopheno-
late mofetil; ACEI, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blocker.
aStatistical comparisons were conducted using the Wilcoxon rank-sum test for continuous variables and chi-squared test for dichotom-
ous variables.
bOther/Unspecified insurance plan type includes processors, third-party administor insurance, and unspecified plan types.
cThe Symphony data list all visits that are not inpatient or outpatient, or surgery as "other".
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approved. The mean number of approved claims per patient in
the approved cohort was 7.9. For the 193 patients in the denied
cohort, for whom the full claims cycle was available, the mean
number of denied claims per patient was 2.9, indicating that
these patients had their claims reviewed, on average, roughly 3
times before they were finally denied access to RCI treatment by
their third-party payer (Table 2).

Baseline characteristics

During the 12-month baseline period, patients who had been
approved for RCI treatment were observably different from the
population denied access to RCI along a number of different
dimensions (Table 1). Although most of the differences between

the approved and denied cohorts during baseline did not reach
conventional levels of statistical significance, the study reports
measures that cross a threshold of >10% relative difference
between approved and denied patients (unless otherwise
noted). We interpret these differences to provide descriptive
insights into the types of patients who may be more likely to
have their prescription claims for RCI approved. Approved
patients were older (mean age: 53.9) compared to denied
patients (mean age: 48.4). Approved patients also had higher
rates of comorbidities than denied patients in several of the cat-
egories assessed: bone disorders (16.8 vs. 13.0%); cardiac comor-
bidities (65.4 vs. 57.0%); pulmonary comorbidities (14.5 vs.
11.9%); vascular comorbidities (10.3 vs. 8.3%); and slightly
higher rates (<10% difference) of renal comorbidities (80.3 vs.
78.2%). Previous treatment with diuretics and dialysis among
approved patients was greater than among the denied cohort:
(61.0 vs. 54.4%) and (3.7 vs. 2.6%), respectively (Table 1).

With regard to HCRU, a greater proportion of approved
patients had at least one inpatient admission (34.1 vs.
28.0%); approved patients also had a higher mean number
of outpatient visits than the denied cohort (14.9 vs. 12.8). A
slightly greater utilization of prescription medication was
observed among approved patients during the baseline with
the average number of prescriptions being 53.7 compared to
49.9 for denied patients. Among prescription utilization, a
slightly larger proportion (<10% difference) of approved
patients received CS (62.0 vs. 59.6%) with more approved
patients being prescribed a “high” dose of CS (i.e. >15mg/

Patients with ≥ 12 months of eligibility following and including index date:a,b

N = 6,991

Patients who have ≥ 1 RCI claim in Symphony IDV Database between Jan 2015 and Dec 2018:
N = 20,767

Patients  ≥ 18 years old at index date:
N = 18,055

Patients with ≥ 12 months of eligibility prior to index date:a,b

N = 10,410

Patients with a Nephrotic Syndrome diagnosis:
N = 1,232

Patients without full 

claim cycle:c

N = 533

Patients with full 
claim-cycle:

N = 699

≥ 1 approved RCI
claim

N = 506

Only denied RCI 
claims

N = 193

Figure 1. Sample selection of patients with nephrotic syndrome and assignment to cohorts based on approval or denial of RCI claims.
aFor patients that have at least 1 approved RCI claim, the index date is the date of the first approved claim. For patients that only have denied RCI claims, the index
date is the date of the first denied claim.
bA patient is assumed to have eligibility in the baseline period if they have a medical or prescription claim 9-12 months before the index date. A patient is assumed
to have eligibility in the follow-up period if they have a medical or prescription claim 9-12 months after the index date. Symphony IDV does not contain eligibility
information.
cPatients without full-claim cycle are patients that have only direct feed claims, all of which are approved. Direct feed claims originate from point of sale data
streams and therefore do not include denied claims. RCI repository corticotropin injection

Table 2. Approval process for nephrotic syndrome patients with full
claim cycle.

Nephrotic syndrome
(n¼ 699)

Denied patients 193 (27.61%)
Mean number of denied claims 2.88 ± 3.49

Approved patients 506 (72.39%)
Mean number of denied claims prior to approval 0.86 ± 1.56
0 Denied claim 54.74%
1 Denied claim 26.28%
2 Denied claims 11.26%
3 Denied claims 3.36%
4 Denied claims 1.98%
5þ Denied claims 2.37%

Mean number of approved claims 7.89 ± 8.27
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day) than denied patients (26.2 vs. 20.7%). In total, this differ-
ential utilization translated to higher all-cause healthcare
costs for approved patients compared to denied patients
($34,582 vs. $27,800) during the baseline period (Table 1).

Matching results

After matching, 94% of denied patients were matched to an
approved patient with similar baseline characteristics for an

overall sample of 181 matched pairs for whom outcomes
were compared. In the matched cohort, none of the base-
line characteristics were statistically different between
approved and denied patients, indicating that the post-
match sample of approved and denied patients were well
balanced. While most of the outcomes observed among
the matched sample did not reach conventional levels of
statistical significance, we nonetheless report outcomes in
categories that point to potentially clinically relevant

Table 3. Clinical outcomes and healthcare resource utilization during the follow-up period.

Outcomes Matched nephrotic syndrome patientsa

Approved patients Denied patients p-Valueb

(n¼ 181) (n¼ 181)

NS-specific characteristics and HCRU
Comorbidities
End stage renal disease 25 (13.8%) 27 (14.9%) .77
Chronic kidney disease
Stage 2 21 (11.6%) 13 (7.2%) .13
Stage 3 58 (32.0%) 51 (28.2%) .44

Lupus nephritis 14 (7.7%) 13 (7.2%) 1.00
NS related treatments
Chlorambucil 0.0% 0.0% 1.00
Cyclophosphamide 2 (1.1%) 3 (1.7%) .65
Proteasome inhibitor 0.0% 0.0% 1.00
Rituximab 2 (1.1%) 2 (1.1%) .65

NS background therapies
ACEIs/ARBs 66 (36.5%) 83 (45.9%) .07
Anticoagulants 22 (12.2%) 27 (14.9%) .34
Beta blockers 86 (47.5%) 80 (44.2%) .46
Calcium channel blockers 59 (32.6%) 65 (35.9%) .51
Diuretics 107 (59.1%) 108 (59.7%) .83
Statins 97 (53.6%) 85 (47.0%) .23

Procedures
Creatinine tests 65 (35.9%) 71 (39.2%) .52
Deep vein thrombosis ultrasound 12 (6.6%) 22 (12.2%) .07
Dialysis 11 (6.1%) 19 (10.5%) .13
Kidney biopsy 6 (3.3%) 5 (2.8%) 1.00
Plasmapheresis 0 (0.0%) 1 (0.6%) 1.00
Proteinuria tests 57 (31.5%) 51 (28.2%) .53
Renal transplant 0 (0.0%) 3 (1.7%) 1.00
Ultrasounds 12 (6.6%) 11 (6.1%) .83

All-cause healthcare resource use
Patients with� 1 visit
Inpatient 52 (28.7%) 64 (35.4%) .20
Outpatient/Physician office 157 (86.7%) 156 (86.2%) .75
Surgery 18 (9.9%) 21 (11.6%) .61
Other visitsc 96 (53.0%) 86 (47.5%) .23

Visits per patient
Inpatient admissions 2.0 ± 1.5 [1] 2.6 ± 2.5 [2] .50
Length of stay (days) 15.4 ± 35.0 [5] 9.8 ± 15.7 [4] .78

Surgery 3.7 ± 3.2 [3] 2.4 ± 2.0 [2] .10
Outpatient/Physician office visits 14.0 ± 22.3 [7] 14.1 ± 19.2 [9] .65
Other visits 9.1 ± 30.0 [3] 9.4 ± 28.5 [3] .52
Visits with nephrotic syndrome diagnosis 3.4 ± 7.1 [1] 3.2 ± 7.2 [1] .64

Prescription drug use
Biologic DMARDs 3 (1.7%) 3 (1.7%) .71
Anti-TNF drugs 1 (0.6%) 1 (0.6%) 1.00
Other biologics 2 (1.1%) 2 (1.1%) .65

Non-biologic DMARDs 71 (39.2%) 74 (40.9%) .67
Methotrexate 4 (2.2%) 4 (2.2%) 1.00
Other non-biologics 71 (39.2%) 72 (39.8%) .83
Corticosteroids 95 (52.5%) 104 (57.5%) .30
Annualized average daily corticosteroid dose (mg) 3.4 ± 6.3 [0] 4.1 ± 8.8 [0] .26

Number of prescriptions filled 59.7 ± 42.3 [52] 58.4 ± 55.0 [43] .40
Number of unique drugs 21.2 ± 12.3 [21] 20.1 ± 15.7 [18] .14

Abbreviations. HCRU, healthcare resource utilization; ACEI, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blocker; DMARD, disease-modify-
ing antirheumatic drug; TNF, tumor necrosis factor.
aDenied patients are propensity score matched (± 1=4 SD) 1:1 to approved patients. The matching criterion includes all baseline characteristics reported in the
baseline tables.
bThe Symphony data list all visits that are not inpatient, outpatient, or surgery as “other”.
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distinctions between patients who were denied access to
RCI treatment relative to those who were approved (Table
3). To identify potentially clinically relevant distinctions
between the two cohorts the study reports outcomes
among the matched sample that cross a threshold of
>10% relative difference between approved and denied
patients. The complete list of variables assessed during the
follow-up is reported in Table 3.

Healthcare resource use during the follow-up period

Among the matched cohort, NS patients denied access to
RCI had greater HCRU than patients who had their RCI claims
approved in a number of different areas. The denied cohort
had more patients requiring an inpatient admission com-
pared to the approved cohort during the follow-up period
(64 denied vs. 52 approved). The denied cohort also had
more patients requiring surgery visits than the approved

Table 4. Clinical outcomes and healthcare resource utilization during the follow-up period (commercial plan type).

Outcomes Matched nephrotic syndrome patientsa

Approved patients [A] Denied patients [B] Difference [A] – [B]
(n¼ 59) (n¼ 55)

NS-specific characteristics and HCRU
Comorbidities
End stage renal disease 9 (15.3%) 12 (21.8%) �6.6%
Chronic kidney disease
Stage 2 6 (10.2%) 3 (5.5%) 4.7%
Stage 3 20 (33.9%) 21 (38.2%) �4.3%

Lupus nephritis 2 (3.4%) 4 (7.3%) �3.9%
NS background therapies
ACEIs/ARBs 26 (44.1%) 27 (49.1%) �5.0%
Anticoagulants 6 (10.2%) 7 (12.7%) �2.6%
Beta blockers 29 (49.2%) 26 (47.3%) 1.9%
Calcium channel blockers 20 (33.9%) 22 (40.0%) �6.1%
Diuretics 37 (62.7%) 36 (65.5%) �2.7%
Statins 31 (52.5%) 29 (52.7%) �0.2%

NS treatments
Chlorambucil 0 (0.0%) 0 (0.0%) 0 (0.0%)
Cyclophosphamide 1 (1.7%) 0 (0.0%) 1.7%
Proteasome inhibitor 0 (0.0%) 0 (0.0%) 0 (0.0%)
Rituximab 1 (1.7%) 0 (0.0%) 1.7%

Procedures
Creatinine tests 19 (32.2%) 23 (41.8%) �9.6%
Deep vein thrombosis ultrasound 2 (3.4%) 5 (9.1%) �5.7%
Dialysis 2 (3.4%) 9 (16.4%) �13.0%
Kidney biopsy 1 (1.7%) 2 (3.6%) �1.9%
Plasmapheresis 0 (0.0%) 1 (1.8%) �1.8%
Proteinuria tests 16 (27.1%) 19 (34.5%) �7.4%
Renal transplant 0 (0.0%) 2 (3.6%) �3.6%
Ultrasounds 3 (5.1%) 3 (5.5%) �0.4%

All-cause healthcare resource use
�1 visit
Inpatient 13 (22.0%) 21 (38.2%) �16.1%
Outpatient/Physician office 50 (84.7%) 49 (89.1%) �4.3%
Surgery 5 (8.5%) 7 (12.7%) �4.3%
Other visitsb 29 (49.2%) 28 (50.9%) �1.8%

Visits
Inpatient admissions 1.7 ± 0.9 [1] 2.4 ± 2.8 [2] �0.74
Length of stay (days) 4.7 ± 4.0 [3] 11.1 ± 21.6 [4] �6.40
Surgery 2.0 ± 1.0 [2] 1.4 ± 0.8 [1] 0.57

Outpatient/Physician office visits 13.8 ± 21.1 [6] 15.4 ± 19.6 [10] �1.67
Other visits 6.1 ± 6.4 [3] 14.0 ± 46.9 [4] �7.86
Visits with nephrotic syndrome diagnosis 3.3 ± 5.6 [1] 4.3 ± 10.4 [0] �0.98

Prescription drug use
Biologic DMARDs 1 (1.7%) 0 (0.0%) 1.7%
Anti-TNF drugs 0 (0.0%) 0 (0.0%) 0.0%
Other biologics 1 (1.7%) 0 (0.0%) 1.7%

Non-biologic DMARDs 18 (30.5%) 24 (43.6%) �13.1%
Methotrexate 0 (0.0%) 1 (1.8%) �1.8%
Other non-biologics 18 (30.5%) 23 (41.8%) �11.3%

Corticosteroids 31 (52.5%) 36 (65.5%) �12.9%
Annualized average daily corticosteroid dose (mg) 3.2 ± 6.8 [0] 4.4 ± 6.7 [1] �1.21

Number of prescriptions filled 64.7 ± 42.9 [56] 66.1 ± 68.0 [43] �1.36
Number of unique drugs 23.4 ± 11.6 [23] 22.1 ± 17.8 [19] 1.26

Abbreviations. HCRU, healthcare resource utilization; ACEI, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blocker;
DMARD, disease-modifying antirheumatic drug; TNF, tumor necrosis factor.
aDenied patients are propensity score matched (± 1=4 SD) 1:1 to approved patients. The matching criterion includes all baseline characteris-
tics reported in the baseline tables.
bThe Symphony data list all visits that are not inpatient, outpatient, or surgery as “other”.
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cohort (21 vs. 18). Notably, denied patients underwent DVT
ultrasound and dialysis procedures in higher proportions
than approved patients during the follow-up period: (12.2 vs.
6.6%) and (10.5 vs. 6.1%), respectively (Table 3).

Prescription drug use and NS related treatments during
the follow-up period

Although CS use was slightly greater among the approved
cohort during the baseline period, more denied patients
received CS prescriptions (104 vs. 95) and, on average, were
prescribed a higher average annualized daily dose (4.1 vs.
3.4mg) during the follow-up period. The use of NS back-
ground therapies such as ACE inhibitors, ARBs, anticoagu-
lants, and calcium channel blockers during the follow-up
period was also higher among denied patients than patients
who were approved for RCI (Table 3).

Outcomes among commercially insured patients during
the follow-up period

The data used in this study indicate the payer type associ-
ated with each prescription claim. Thus, it was possible to
analyze outcomes for a subgroup of commercially insured
patients in the sample (N¼ 114) to assess whether there
were notably different results between the subset of com-
mercially insured patients and patients in the overall sample.
Among this subgroup, it was observed that the directional
trends of worsening clinical outcomes for denied patients
persisted. Specifically, commercially insured patients who are
denied access to RCI had greater use of proteinuria tests
(34.5 denied vs. 27.1% approved) and creatinine tests (41.8
denied vs. 32.2% approved) to assess renal function.
Additionally, a higher proportion of denied patients had
inpatient visits compared to approved patients (38.2 vs.
22.0%, respectively) with greater average lengths of inpatient
stays (11.1 vs. 4.7 days, respectively). Denied patients also
had greater utilization of dialysis (16.4 denied vs. 3.4%
approved) and CS treatment (65.5 denied vs. 52.5%
approved) at higher average annualized daily doses than
approved patients (4.4 vs. 3.2mg, respectively). Finally, a
greater proportion of patients denied access to RCI had a
diagnosis of end stage renal disease in the follow-up period
compared to the approved cohort (21.8 vs. 15.3%, respect-
ively) (Table 4).

Discussion

This study was the first of its kind to assess outcomes among
NS patients in a real-world setting who were either approved
or denied access to RCI treatment by their insurers. To imple-
ment this comparison, the study also assessed and controlled
for numerous underlying differences in patient demograph-
ics, HCRU, and the incidence of comorbidities prior to
patients’ approval or denial of RCI treatment. While the
results of the study did not reach conventional levels of stat-
istical significance, the study reports measures that cross a

threshold of >10% relative difference between approved
and denied patients (unless otherwise noted).

At baseline, we found the approved cohort to be older
and to have higher rates of cardiac, pulmonary, vascular, and
bone comorbidities compared to the denied cohort. The
approved cohort also exhibited greater prior use of diuretic
medications and dialysis procedures than the denied cohort
as well as a slight increase in the utilization of prescription
medications, in general, and a higher use of CS, in particular.
With regard to medical resource use, a higher proportion of
approved patients had inpatient admissions and more out-
patient visits than the denied cohort. Taken together, these
observations imply that increased disease severity and rates
of HCRU may play a role in the decision process of third-
party payers when evaluating patients’ prescription claims
for RCI in the treatment of NS.

Matching approved and denied patients according to the
complete set of characteristics measured in the baseline
period allowed the study to reduce bias when comparing
outcomes for patients who received access to RCI to those
who did not. This comparison showed that denied patients
had comparably worse indicators of clinical status and
greater resource use in a number of categories during the
12-month follow-up period. Denied patients were more likely
to require inpatient admissions than those in the approved
cohort and underwent procedures for DVT ultrasound and
dialysis at higher rates than patients who were approved for
RCI treatment. The denied cohort’s use of CS during the fol-
low-up period also increased relative to the approved cohort
where a greater number of denied patients received pre-
scriptions for CS and, on average, at higher daily doses.
Notably, the use of background therapies (e.g. ACEIs, ARBs,
anticoagulants, and calcium channel blockers) to treat com-
plications associated with NS was greater among patients in
the denied cohort than that of approved patients. We inter-
pret these results to indicate clinically relevant levels of con-
tinued disease activity and to highlight a potentially unmet
need in patients who are denied access to RCI.

Because the data used in this study indicate the payer
type for each prescription claim, it was possible to compare
outcomes for a subset of the matched approved and denied
cohorts with claims submitted to commercial payers. While
the trends of generally worsening HCRU for denied patients
hold after stratifying by payer type, the results showed a
greater proportion of denied patients required continued
assessment of renal function via proteinuria and creatinine
tests, had higher utilization of dialysis and CS treatment,
incurred more inpatient admissions and of greater lengths of
stay, and had higher incidence of end stage renal disease in
the follow-up period than their approved counterparts.
These observations among the commercially insured sub-
group further bolster the findings that there are important
consequences for NS patients who are denied access to
RCI treatment.

While this study was the first of its kind in that it com-
pares HCRU in recent real-world settings among NS patients
who received access to RCI treatment and those who did
not, the findings are consistent with studies in other settings
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that show improved clinical outcomes in NS patients under-
going RCI treatment. For example, a combined prospective
trial and retrospective review of patients with FSGS found
that roughly one third of patients treated with RCI achieved
remission; all patients achieving remission in that study were
categorized as having steroid-resistant or steroid-dependent
FSGS demonstrating the viability of RCI as a non-steroid
treatment option for FSGS20. Additionally, a prospective,
open-label trial of RCI treatment in NS patients with various
etiologies (e.g. MN, MCD, FSGS, and IgAN) showed that 7 out
of 15 patients achieved a reduction in proteinuria6. Although
the data used in our study did not contain lab results, pre-
cluding our study from assessing remission or reduction in
proteinuria, we did observe directional improvements among
the approved cohort relative to the denied in the reduced
incidence of inpatient admissions, reduced use of dialysis
and background therapies, as well as a comparative reduc-
tion in the use of CS. With regard to the use of CS in
patients with NS of FSGS etiology, Tumlin et al. discuss the
broad effort in clinical practice to find effective and safe
alternatives to steroid therapy due to the increased risk of
complications such as excessive weight gain, glucocorticoid-
induced diabetes, and metabolic bone disease10. Because the
denied cohort in our study shows an increased use of CS
treatment relative to approved patients, it may be the case
that patients denied access to therapeutic alternatives such
as RCI are at greater risk for steroid-induced complications.
Another recent study has found that NS patients with MN
type etiology are significantly burdened with high disease
severity and incur substantial HCRU and costs24. Further
study on the benefits of RCI as an alternative first or second
line treatment for NS may help clinicians and payers make
decisions that reduce the burden of increased resource use
and treatment induced adverse events commonly observed
in NS patients.

Certain limitations of this study are inherent in the data
used for the analysis. First, while the data are uniquely rich
on a number of dimensions, given the rareness of NS overall,
the sample size was limited after implementing the full set
of analytic criteria and matching methodology. As a result,
most outcomes did not reach conventional levels of statis-
tical significance, and future research should explore, where
possible, whether these observed trends hold with larger
sample sizes. Second, because certain clinical information
was unavailable in the data, measures of disease severity
could be assessed by proxy only. Notably, the data do not
contain lab values for clinical tests. Clinical measures of
severity, therefore, were assessed based on treatment and
resource use relying on ICD 9/10 diagnosis codes and CPT
codes associated with a particular claim. Additionally,
because the Symphony IDV is an open source claims data-
base, aggregating claims for patients from a variety of differ-
ent data streams, it is possible that not all patient claims are
captured in the data. Third, while a proportion of patients in
the approved cohort had their claims for RCI denied before
ultimately being approved, the data do not indicate a reason
for claim denials. Thus, the study could not explain the
underlying dynamics that influenced denial and approval

patterns for patients. We interpret these dynamics as the
influence of different formulary structures and prior author-
ization requirements among payers as well as physician pre-
scribing behaviors. A more detailed exploration of the factors
that lead to approval (or denial) of RCI claims for NS patients
could be the focus of future research. Finally, the data reflect
results from a variety of payer types. While this adds to the
richness of the data, the convenience sample from which the
data are based may not be reflective of or generalizable to
any particular payer, depending on the characteristics of
their enrolled population.

Conclusions

This real-world study is the first to use rigorous methodolo-
gies to estimate the impact of using RCI in patients with NS
using a uniquely-suited, claims database. As such, this study
helps fill a gap in the literature addressing health economics
outcomes and research for NS patients. The comparison of
outcomes between approved and denied patients with simi-
lar baseline profiles showed that patients who were denied
access to RCI treatment had directionally higher HCRU. These
include higher rates of inpatient admissions, greater utiliza-
tion of DVT ultrasound and dialysis treatments, as well as
greater use of CS and NS background therapies. The findings
of this study may therefore help providers and health plans
review current situations in which RCI treatment may be
beneficial to further improve quality of care and potentially
improve outcomes in this important patient population.
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