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ABSTRACT

Introduction: Repository corticotropin injec-
tion (RCI; Acthar� Gel) is indicated for the
treatment of acute exacerbations of multiple
sclerosis (MS) in adults. Despite the well-docu-
mented clinical and economic benefits of RCI,
many patients are denied use of the therapy by
third-party payers. This study aims to under-
stand the demographic and clinical character-
istics of MS relapse patients who received a
prescription for RCI from their physicians and
then were either approved or denied treatment
by their insurers. The study compares measur-
able clinical outcomes and healthcare resource
utilization (HCRU) between approved and
denied cohorts.
Methods: A retrospective analysis of adults
experiencing MS relapse from January 2015 to
December 2018 was conducted using a de-
identified open-source claims database [Sym-
phony Health Integrated Dataverse� (IDV)].
Patients were identified using ICD codes for MS
and considered to have relapsing/remitting type
according to established claims-based method-
ology. Clinical characteristics and HCRU were

analyzed during the year preceding (‘‘baseline’’)
and the year following (‘‘follow-up’’) each
patient’s index date, defined as the date of a
patient’s first approved RCI claim (for patients
with C 1 approved claim) or first denied RCI
claim (for patients with only denied claims).
Baseline characteristics were reported with
unadjusted differences and p values indicating
the significance of characteristics between the
two cohorts. For outcomes, match-adjusted
results were reported using propensity match-
ing to account for underlying differences
between cohorts.
Results: The study sample included 1902 MS
relapse patients with at least one claim for RCI.
At baseline, approved patients were slightly
older compared to denied patients (mean age
48.0 vs. 47.2), had higher rates of hemiple-
gia/paraplegia (6.7% vs. 3.3%), greater mobility
impairment (17% vs. 11.5%), more exacerba-
tion episodes (66.2% vs. 59.9%), and a higher
number of physical therapy/rehab claims (23.5
vs. 14.0), respectively. Outcomes among the
matched sample show an increased use of cor-
ticosteroids for patients denied access to RCI
compared to approved patients (51.1% vs.
42.4%), more exacerbation episodes (36.6% vs.
28.2%), and an increased number of physical
therapy/rehab claims (11.5% vs. 9.9%),
respectively.
Conclusion: The results of this study may aid
providers and payers in evaluating scenarios
where RCI may be beneficial and improve
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quality of care for patients experiencing MS
relapse.

Keywords: Multiple sclerosis relapse;
Relapsing–remitting multiple sclerosis;
Repository corticotropin injection

Key Summary Points

Why carry out the study?

Repository corticotropin injection (RCI;
Acthar� Gel) is indicated for the treatment
of acute exacerbations of multiple
sclerosis (MS) in adults.

Despite the well-documented clinical and
economic benefits of RCI treatment for
MS relapse, many patients are denied
access to RCI by third-party payers.

By implementing a retrospective cohort
design of de-identified claims data, this
study aims to understand the
demographic and clinical characteristics
of 1902 MS relapse patients who were
either approved or denied access to RCI
treatment by their insurers.

What was learned from the study?

Compared to the approved cohort,
patients denied access to RCI had
measurably worse outcomes and greater
healthcare resource use (HCRU) along a
number of dimensions during the follow-
up period, including: increased use of
corticosteroids, higher rates of MS
exacerbation episodes, and more physical
therapy/rehab claims.

The results of this real-world study may
aid providers and payers in evaluating
scenarios where RCI may be beneficial and
improve quality of care for patients
experiencing MS relapse.

Future research may consider expanding
this analysis to larger sample sizes to assess
whether the trends of clinical worsening
and increased HCRU hold among MS
relapse patients denied access to RCI
treatment relative to those approved.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.13017215.

INTRODUCTION

Multiple sclerosis (MS) is a chronic and debili-
tating disease of the central nervous system
(CNS), currently estimated to affect over
900,000 adults in the United States [1]. The
recurrent inflammation of the CNS that is
characteristic of MS results in damage to nerve
cells, causing symptoms that may include
numbness or paralysis of the limbs, visual dis-
turbances, bladder or bowel dysfunction, sexual
dysfunction, or the loss of control of bodily
movements [2].

Four distinct types of MS have been identi-
fied, each with their own particular disease
course and prognosis: relapsing–remitting, sec-
ondary progressive, primary progressive, and
progressive relapsing MS. Relapsing–remitting
MS (RRMS) is the most common (72.2%) diag-
nosis, characterized by acute exacerbations of
neurologic dysfunction that evolve over a period
of days to weeks. Most patients with relaps-
ing–remitting type MS experience a recovery
from these exacerbations (though not always
complete) after several weeks or months [2, 3].
Approximately 85% of MS patients are initially
diagnosed with RRMS [4]. Among RRMS
patients, a recent study estimates the incidence
of high disease activity at 8.5% [5]. Because
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patients are neurologically and symptomatically
stable between periods of exacerbation, there is
enormous value in providing patients with
treatments that mitigate the symptoms of acute
relapses and accelerate recovery.

Current first-line treatments for MS relapse
exacerbations include corticosteroids (CS) that
may be prescribed to patients to be taken orally
or administered intravenously in a clinical set-
ting. Intravenous administration of CS requires
multiple infusions and, in addition to interfer-
ing with a patient’s daily life, is more costly
than oral CS [6–8]. In both cases, high doses of
CS are accompanied by a number of adverse
effects that may not be tolerated well among MS
patients [9–11]. Alternative, second-line, treat-
ments for MS relapse include plasmapheresis
(PMP), intravenous immunoglobulin (IVIG),
and repository corticotropin injection (RCI).
The Multiple Sclerosis Association of America
points out that, for more than 30 years, RCI has
been used as an alternative to CS to treat
relapses of MS [12]. Currently, Acthar� Gel is
the only branded RCI available in the U.S. that
is approved for treatment of acute exacerbations
of MS relapse in adults and can be self-admin-
istered [6, 13, 14].

Numerous studies have demonstrated that
RCI treatment increases recovery rates and
improves disability scores in patients experi-
encing acute MS relapse exacerbations [15–20].
Other studies assessing the economic benefits of
RCI have found that RCI treatment for MS
relapse is associated with fewer hospitalizations
and outpatient service visits as well as lower
costs in inpatient and outpatient services when
compared to alternative second-line treatments
[21, 22].

Despite the clinical and economic evidence
supporting the efficacy, safety, and benefits of
RCI treatment for acute MS relapse [23], many
patients suffering from MS relapse are denied
access to RCI treatment by third-party payers in
the U.S. This study aims to understand the
demographic and clinical characteristics of MS
relapse patients approved for RCI treatment
compared to MS relapse patients denied access
to RCI treatment by third-party payers, as well
as to compare measurable clinical outcomes and
healthcare resource utilization (HCRU) for MS

relapse patients whose prescription claims for
RCI are either approved or denied.

METHODS

Overview

To understand the demographic and clinical
characteristics of MS relapse patients approved
for RCI treatment compared to MS relapse
patients denied access to RCI, this study
implemented a retrospective cohort analysis of
a de-identified open-source claims database
(Symphony Health Integrated Dataverse�

[IDV]). The study also compares clinical out-
comes and HCRU for MS relapse patients ulti-
mately receiving access to RCI treatment versus
those patients who never received access to RCI
in the time period covered by the data. Demo-
graphic and clinical characteristics and HCRU
were assessed during a baseline period, defined
as the 12 months 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).Clinical
outcomes and HCRU for approved and denied
patients were compared during a follow-up
period, defined as the 12 months following the
first approved or denied claim for patients in
their respective cohorts. The difference in clin-
ical outcomes and HCRU between MS relapse
patients approved for RCI treatment versus
those denied were assessed during the follow-up
period using a matched case–control 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 IDV) that
links data from pharmacy point-of-service sys-
tems, payer adjudication services (clearing-
houses), and direct prescription, medical, and
hospital feeds. These data contain approxi-
mately 168 million longitudinally tracked
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patients with prescription and medical claims
in any recent year of the database. Patients in
the database are representative of the U.S. pop-
ulation age and gender mix with claims from
diverse payers including basic Medicaid, Man-
aged Medicaid, Medicare, assistance programs,
commercial insurers, and cash payers. The
database captures prescription claims from two
types of data streams: clearinghouse claims that
have been processed through a payer’s adjudi-
cation system and direct-feed claims from
pharmacy point-of-service systems. For claims
processed 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 dispensation
(final claim approval status, fill dates, national
drug codes, dosing information, 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.

Sample Selection

In order to be eligible for the study, patients
were required to have submitted at least one
prescription claim for RCI, either approved or
denied, during the study period of January 1,
2015, through December 31, 2018. Prescription
claims for RCI were identified in the data using
Generic Product Identifier codes (GPI), National
Drug Codes (NDC), and codes from the
Healthcare Common Procedural Coding System
(HCPCS). In addition to having at least one
prescription claim for RCI in the data, patients
were required to have at least one medical claim
associated with MS relapse. Because the data
only report a diagnosis of MS (ICD-9-CM code
340 and ICD-10-CM code G35) and do not
specify the relapsing/remitting subtype, the
study implemented a claims-based algorithm
used in previously published, peer-reviewed lit-
erature to identify patients experiencing RRMS
[20, 22, 24, 25]. To be included in the study, the

algorithm required patients to have either one
or more inpatient claims with a diagnosis code
for MS or at least one other type of clinical
encounter (e.g., outpatient, physician office
visit, other medical visit claim) with an MS
diagnosis code in combination with the use of
any qualifying CS prescription within 7 days of
that visit, or with the use of either RCI, PMP, or
IVIG treatment within 30 days of that visit.

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 prescrip-
tion claim in the data) and patients denied
access to RCI (i.e., patients having no approved
claims in the data). Patients in both cohorts
were required to be aged 18 years or older on
their index date and to have at least 12 months
of eligibility during the baseline period and at
least 12 months of eligibility during the follow-
up period. Because the data aggregate a patient’s
medical and prescription claim activity over
time from a diverse set of sources and do not
definitively report the time frame of a patient’s
insurance eligibility, the study utilized the date
stamps of a patient’s claims activity to approx-
imate the length of the patient’s insurance eli-
gibility. To ensure that all relevant medical and
prescription 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
3 months of their baseline period (i.e., months
9–12 prior to their index date) and during the
last 3 months of their follow-up period (i.e.,
months 9–12 after their index date).

Statistical Analyses

To compare outcomes with minimal bias
between patients who were approved for RCI
treatment and those who were denied, the
study reports outcomes for patients taking into
account the underlying differences between the
two cohorts. Specifically, approved patients
were matched one-to-one to denied patients
based on a propensity score derived from the
characteristics assessed during the baseline
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period using a ‘‘greedy’’ matching methodology
[26]. Propensity scores were calculated for
patients using a multivariable logistic regression
that took into account all of the covariates
measured at baseline. Approved and denied
patients were matched one-to-one according to
the nearest propensity score (± � of a standard
deviation).

For categorical variables, statistical signifi-
cance was assessed using chi-square tests for
comparisons between pre-match (unadjusted)
outcomes, and McNemar tests for the matched
(adjusted) cohorts. For continuous variables,
statistical significance was assessed using Wil-
coxon rank-sum tests (pre-match, unadjusted)
and Wilcoxon signed-rank tests (post-match,
adjusted). Statistical analyses were performed
separately for each cohort using SAS Enterprise
Guide version 7.15 (SAS Institute Inc., Cary,
NC).

Study Measures

Key demographic, HCRU, and clinical charac-
teristics relevant to MS relapse diagnosis and
disease severity were evaluated for both the
approved and denied cohorts. Patient demo-
graphics included a patient’s age at the time of
their 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 ini-
tial MS relapse diagnosis in the data in addition
to the number of claims with a diagnosis for MS
relapse. During the baseline period, the study
also reported patients’ Charlson Comorbidity
Index (a composite measure of the patient’s
health status) [27] as well as the incidence of
other comorbidities commonly observed in
patients with MS relapse including mood dis-
order diagnoses, abnormality of gait,
fibromyalgia and myositis, and optic neuritis.

For both baseline and follow-up periods, the
study assessed the severity of MS relapse in each
cohort by tracking the number of MS exacer-
bations using a claims-based algorithm to
identify relapse episodes [20, 22, 24].

Additionally, with regard to measuring severity
before and after the index date, the study ana-
lyzed indicators of limited mobility, such as the
use of certain medical devices (e.g., cane/crutch,
walker, wheelchair, and/or specialty bed), use of
dalfampridine (Ampyra; indicated for walking
disability), and the average number of Expan-
ded Disability Status Scale (EDSS)-derived dis-
ability claims per patient [28, 29].

In the follow-up period only, the study
assessed a subset of American Academy of
Neurology-defined neurologic impairment
indicators where patients received treatment to
address comorbidities in any of the following
categories: pain, fatigue, depression, psychosis,
cognitive impairment [30]. Additionally, the
utilization of MRI procedures was analyzed as
an outcome of interest for both cohorts. Also
tracked during the follow-up period were the
number of patients with MS relapse exacerba-
tion episodes.

Total all-cause HCRU and medical costs were
examined for approved and denied patients in
both periods. To compare the utilization of
prescription medication between cohorts, the
average number of prescriptions per patient was
assessed. The study also analyzed the utilization
of selected treatments relevant to MS relapse
including CS use (e.g., the average number of CS
prescriptions per patient along with the annu-
alized average daily and maximum dosing), the
use of disease-modifying anti-rheumatic drugs
(DMARDs), and MS-related treatments of PMP,
IVIG, and other disease-modifying therapies
(DMTs). HCRU and medical costs were catego-
rized by place of service to identify sources of
differential utilization. Place of service cate-
gories included the following: inpatient, out-
patient/physician office, and other. In addition,
the utilization of physical therapy/rehabilita-
tion services by patients and the average num-
ber of those claims per patient were assessed.

Description of Approval Process

For the subset of patients for which the ‘‘full
claim cycle’’ is available (i.e., the data contain-
ing all approvals and denials), the study exam-
ined the approval process using aggregate
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summary statistics that took into account the
number of patients with no approved claims
and the average number of denied claims for
those patients. For the approved cohort, the
study analyzed the distribution of denied claims
prior to approval as well as the average number
of approved claims per patient.

Compliance with Ethics Guidelines

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

RESULTS

Sample Selection

In the Symphony Health IDV database, there
were 20,767 patients with at least one pre-
scription claim for RCI during the study period;
1902 of those patients were flagged by the
sample selection algorithm identifying MS
relapse and met the inclusion criteria of being
18 years of age or older on their index date, with
at least 12 months of eligibility during both
their baseline and follow-up periods. Out of the
1902 MS relapse patients eligible for the sample,
1633 patients had at least one approved claim
for RCI, while 269 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 919 patients;
conversely, 983 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 dispensing and pay-
ment). Thus, the 983 patients with direct feed
only claims are included in the 1633 patients
that make up the approved cohort (Fig. 1).

Approval Process

Of the 919 patients in the sample for whom the
full claims cycle (i.e., full history of approvals

and denials) was available, 70.73% (N = 650)
had at least one approved claim for RCI and
29.27% (N = 269) had no approved claims for
RCI in the data. Analysis of the approval process
showed that 59.54% of patients with an
approved prescription for RCI had no denied
claims in the data, meaning that the remaining
40.46% of patients in the approved cohort had
at least one denied claim prior to being
approved. The mean number of approved
claims for all patients in the approved cohort
was 2.34. For the 269 patients in the denied
cohort, for whom the full claims cycle was
available, the mean number of denied claims
was 2.92, indicating that these patients had
their claims reviewed, on average, roughly three
times before they were finally denied access to
RCI treatment by their third-party payer
(Table 1).

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 differ-
ent dimensions examined (Table 2). Approved
patients were slightly older (mean age 48.0)
compared to denied patients (mean age: 47.2).
Approved patients also had higher rates of
hemiplegia/paraplegia (6.7% vs. 3.3%) and
greater indicators of mobility impairment
(17.0% vs. 11.5%). Approved patients experi-
enced more exacerbation episodes than denied
patients (66.2% vs. 59.9%), and incurred a
higher number of physician treatment rehab
claims (mean 23.5 vs. 14.0) during baseline.

Matching Results

Propensity score matching based on a logistic
regression that used all of the variables assessed
during the baseline period produced an overall
sample of 262 approved and 262 denied
patients for whom adjusted outcomes could be
compared. The size of the denied cohort prior to
matching was 269 patients; 97% of all patients
in the denied cohort, therefore, were matched
to a patient from the approved cohort,
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minimizing concerns for potential bias in the
comparison of outcomes between the two
cohorts. While many of the outcomes observed
among the matched sample did not reach con-
ventional levels of statistical significance, we
nonetheless report outcomes in categories that
point to clinically relevant distinctions between
patients who were denied access to RCI treat-
ment relative to those who were approved. To
identify potentially clinically relevant distinc-
tions between the two cohorts, the study
reports outcomes among the matched sample
that cross a threshold of[ 10% relative differ-
ence between approved and denied patients,
unless otherwise noted.

MS Exacerbations During the Follow-Up
Period

Although more patients in the approved cohort
had exacerbation episodes than patients denied
access to RCI during the baseline period (66.2%
of approved patients vs. 59.9% of denied
patients), this trend is reversed in the compar-
ison of matched outcomes. During the follow-
up period, 36.6% of patients who were denied
access to RCI experienced at least one exacer-
bation episode; only 28.2% of patients from the
approved cohort, by contrast, experienced at
least one exacerbation episode (Table 3).

Fig. 1 Sample selection of patients with MS relapse and assignment to cohorts based on approval or denial of RCI claims
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HCRU and Medical Costs During
the Follow-Up Period

Match-adjusted outcomes show that MS relapse
patients denied access to RCI had, on average,
greater HCRU than patients who had their RCI
claims approved. The denied cohort had sub-
stantially more patients requiring an inpatient
admission compared to the approved cohort
during the 12-month follow-up period (61 vs.
40). Additionally, greater use of physical ther-
apy/rehab services was observed among the
denied cohort, with increases in both the
number of patients with physical therapy/rehab
claims (30 vs. 26) and the average number of
physical therapy/rehab claims per patient (23.8
vs.14.2). The denied cohort also incurred
noticeably higher medical costs ($29,467 vs.
$23,378) that were largely driven by greater
costs in outpatient/physician office visits
($24,140 vs. $20,836) and other visits ($4574 vs.
$1849) compared to the approved cohort
(Table 3).

Prescription Drug Use and MS-Related
Treatments During the Follow-Up Period

The use of CS was greater among patients
denied RCI use compared to the approved
cohort in terms of both the number of patients
with prescriptions for CS (134 vs. 111) and the
annualized average daily dose of CS (1.2 mg vs.
0.8 mg). The denied cohort also showed a slight
increase (\10% relative difference) in the
number of patients being treated with other
disease-modifying therapies (121 vs. 117) as
well as an increase in the number of patients
being treated for cognitive impairment, and
slight increases (\10% relative difference) in
the number of patients being treated for other
neurologic impairments such as pain and
fatigue.

DISCUSSION

Based on the comparison of baseline character-
istics for 1902 MS relapse patients before
matching, the cohort ultimately approved for

Table 1 Approval process for MS relapse patients with full claim cycle

Total cohort: no. of patients with at least 1 RCI claim Number (%) or mean – SD
(n = 1902)

Number with incomplete claims cycle 983 (51.7%)

Number with full claims cycle 919 (48.3%)

Denied patients 269 (29.27%)

Mean number of denied claims 2.92 ± 3.7

Approved patients 650 (70.73%)

Mean number of approved claims per patient 2.34 ± 3.01

Mean number of denied claims per patient prior to approval 0.72 ± 1.24

0 denied claims 59.54%

1 denied claim 25.54%

2 denied claims 7.08%

3 denied claims 3.69%

4 denied claims 2%

5? denied claims 2.15%

RCI repository corticotropin injection
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Table 2 Patient demographics and clinical characteristics during the baseline period

Baseline characteristics Multiple sclerosis patients

N = 1902

Approved patients Denied patients p valuea

(n = 1633) (n = 269)

Demographics

Age, mean ± SD [median] 48.0 ± 11.6 [48] 47.2 ± 11.1 [47] 0.42

Gender, female 1362 (83.4%) 213 (79.2%) 0.09

Year of index date

2015 299 (18.3%) 23 (8.6%) \0.0001

2016 802 (49.1%) 107 (39.8%) \0.01

2017 532 (32.6%) 139 (51.7%) \0.0001

Region

Midwest 356 (21.8%) 48 (17.8%) 0.14

Northeast 345 (21.1%) 58 (21.6%) 0.87

South 766 (46.9%) 125 (46.5%) 0.89

West 163 (10.0%) 38 (14.1%) 0.04

Unknown 3 (0.2%) 0 (0.0%) 1.00

Insurance plan typeb

Cash 37 (2.3%) 2 (0.7%) 0.10

Commercial 108 (6.6%) 53 (19.7%) \0.0001

Medicaid 129 (7.9%) 27 (10.0%) 0.24

Medicare 399 (24.4%) 54 (20.1%) 0.12

PBM, pharmacy benefit manager 173 (10.6%) 40 (14.9%) 0.04

Other/unspecified 802 (49.1%) 104 (38.7%) \0.01

Clinical characteristics

Charlson Comorbidity Index, mean ± SD [median] 0.5 ± 1.1 [0] 0.4 ± 1.0 [0] 0.11

Condition-specific comorbidities

Abnormality of gait 312 (19.1%) 41 (15.2%) 0.13

Fibromyalgia/myalgia and myositis 136 (8.3%) 17 (6.3%) 0.26

Hemiplegia or paraplegia 110 (6.7%) 9 (3.3%) 0.03

Mood disorder diagnoses 454 (27.8%) 65 (24.2%) 0.21

Optic neuritis 112 (6.9%) 19 (7.1%) 0.90

Other autoimmune diseases

Lupus 36 (2.2%) 5 (1.9%) 0.72
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Table 2 continued

Baseline characteristics Multiple sclerosis patients

N = 1902

Approved patients Denied patients p valuea

(n = 1633) (n = 269)

Nephrotic syndrome 51 (3.1%) 4 (1.5%) 0.14

Rheumatoid arthritis 50 (3.1%) 11 (4.1%) 0.38

Sarcoidosis 19 (1.2%) 3 (1.1%) 1.00

Proxies for disease severity, mean ± SD [median]

Days between diagnosis and index date 25.0 ± 323.6 [19] 80.3 ± 330.2 [18] 0.83

Patients with MS exacerbations 1081 (66.2%) 161 (59.9%) 0.04

Number of MS relapse diagnoses/exacerbations 1.2 ± 2.2 [1] 0.9 ± 1.2 [1] 0.05

Number of MS relapse diagnoses in inpatient setting 0.6 ± 2.0 [0] 0.4 ± 1.1 [0] 0.67

Mobility indicators

Overall 277 (17.0%) 31 (11.5%) 0.02

Cane/crutch 16 (1.0%) 2 (0.7%) 1.00

Dalfampridine (Ampyra) 203 (12.4%) 22 (8.2%) 0.05

Specialty bed 8 (0.5%) 1 (0.4%) 1.00

Walker 45 (2.8%) 5 (1.9%) 0.39

Wheelchair 23 (1.4%) 2 (0.7%) 0.56

EDSS-derived disability claims, mean ± SD [median] 4.4 ± 6.4 [1] 4.2 ± 6.9 [1] 0.54

Condition-specific healthcare resource utilization

Rehabilitation and physical therapy services

Patients with C 1 rehab/physical therapy claim 264 (16.2%) 33 (12.3%) 0.10

Number of rehab/physical therapy claims 23.5 ± 33.4 [11] 14.0 ± 17.6 [8] 0.21

Corticosteroid (CS)

Patients with C 1 CS 893 (54.7%) 155 (57.6%) 0.37

Number of CS claims, mean ± SD [median] 1.6 ± 2.6 [1] 1.6 ± 2.3 [1] 0.46

Annualized average daily dose (mg), mean ± SD [median] 1.3 ± 3.6 [0] 1.3 ± 2.9 [0] 0.36

Maximum CS dose (mg), mean ± SD [median] 7.5 ± 11.2 [0] 7.8 ± 11.1 [0] 0.44

Number of patients w/high dose (15 mg/day) CS use 149 (9.1%) 25 (9.3%) 0.93

DMARD use

Anti-TNF drugs 4 (0.2%) 0 (0.0%) 1.00

Mean ± SD no. of Rxs 0.0 ± 0.4 [0] 0.0 ± 0.0 [0] 0.42

Other biologics 10 (0.6%) 1 (0.4%) 1.00
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Table 2 continued

Baseline characteristics Multiple sclerosis patients

N = 1902

Approved patients Denied patients p valuea

(n = 1633) (n = 269)

Mean ± SD no. of Rxs 4.9 ± 3.8 [4] 2.0 ± . [2] 0.44

Methotrexate 23 (1.4%) 2 (0.7%) 0.56

Mean ± SD no. of Rxs 3.9 ± 3.3 [3] 8.5 ± 2.1 [9] 0.10

Other non-biologics 68 (4.2%) 9 (3.3%) 0.53

Mean ± SD no. of Rxs 4.0 ± 3.4 [3] 4.8 ± 3.5 [4] 0.44

MS-related treatments

Plasmapheresis 9 (0.6%) 0 (0.0%) 0.62

Intravenous immunoglobulin 10 (0.6%) 1 (0.4%) 1.00

Other disease-modifying therapy 1006 (61.6%) 130 (48.3%) \0.0001

All-cause healthcare resource utilizationc

Medical

Inpatient

Patients with C 1 visit 380 (23.3%) 60 (22.3%) 0.73

Visits per patient, mean ± SD [median] 2.0 ± 1.8 [1] 1.9 ± 1.6 [1] 0.92

Days per visit, mean ± SD [median] 5.9 ± 7.8 [3] 5.1 ± 5.8 [3] 0.52

Outpatient

Patients with C 1 visit 1526 (93.4%) 252 (93.7%) 0.89

Visits per patient, mean ± SD [median] 12.2 ± 12.2 [8] 10.0 ± 9.5 [7] 0.01

Other place of setting

Patients with C 1 visit 879 (53.8%) 131 (48.7%) 0.12

Visits per patient, mean ± SD [median] 6.8 ± 17.5 [3] 9.4 ± 30.8 [3] 0.58

Prescription, mean ± SD [median]

Total prescriptions filled per patient 50.8 ± 44.8 [39] 42.3 ± 39.5 [29] \0.01

Unique prescriptions filled per patient 18.2 ± 13.1 [16] 15.8 ± 12.0 [13] \0.01

DMARD disease-modifying antirheumatic drug, TNF tumor necrosis factor, EDSS Expanded Disability Status Scale
a Statistical comparisons were conducted using the Wilcoxon rank-sum test for continuous variables and chi-square test for
dichotomous variables
b Other/unspecified insurance plan type includes processors, third-party-administered insurance, and unspecified plan types
c The Symphony data list all visits that are not inpatient or outpatient, or surgery as ‘‘other’’
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Table 3 Clinical outcomes and healthcare resource utilization during the follow-up period

Matched MS patientsa

Approved patients Denied patients p valueb

(n = 262) (n = 262)

MS-specific characteristics and HCRU

MS exacerbation episode

C 1 exacerbation episode 74 (28.2%) 96 (36.6%) 0.04

Patients with 1 exacerbation episode 50 (19.1%) 75 (28.6%) \0.01

Patients with 2 exacerbation episodes 10 (3.8%) 8 (3.1%) 0.64

Patients with C 3 exacerbation episodes 14 (5.3%) 13 (5.0%) 0.85

Neurologic impairment indicators

Pain 78 (29.8%) 79 (30.2%) 0.93

Fatigue 78 (29.8%) 83 (31.7%) 0.62

Depression 134 (51.1%) 129 (49.2%) 0.66

Psychosis 101 (38.5%) 91 (34.7%) 0.37

Cognitive impairment 3 (1.1%) 7 (2.7%) 0.21

MS-related treatments

Plasmapheresis 0 (0.0%) 2 (0.8%) 1.00

Intravenous immunoglobulin 3 (1.1%) 1 (0.4%) 0.32

Other disease-modifying therapy 117 (44.7%) 121 (46.2%) 0.71

Rehabilitation and physical therapy services

Patients with C 1 rehab/physical therapy claim 26 (9.9%) 30 (11.5%) 0.56

Number of rehab/physical therapy claims 14.2 ± 15.2 [5] 23.8 ± 44.3 [7] 0.88

Mobility indicators

Overall 39 (14.9%) 39 (14.9%) 1.00

Cane/crutch 0 (0.0%) 3 (1.1%) 1.00

Dalfampridine (Ampyra) 30 (11.5%) 25 (9.5%) 0.46

Specialty bed 4 (1.5%) 3 (1.1%) 0.71

Walker 7 (2.7%) 6 (2.3%) 0.78

Wheelchair 1 (0.4%) 7 (2.7%) 0.03

EDSS-derived disability claims 4.6 ± 6.9 [1] 4.9 ± 6.7 [1] 0.48

Procedures

MRI 91 (34.7%) 92 (35.1%) 0.92

All-cause healthcare resource use

C 1 visit
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RCI treatment was, on average, older than
patients in the denied cohort and was observ-
ably worse along several clinical dimensions
(e.g., rates of hemiplegia/paraplegia, mobility

indicators, and incidence of exacerbations)
relating to the severity of disease. At baseline,
the approved cohort also exhibited greater use
of other DMTs and had higher HCRU. Taken

Table 3 continued

Matched MS patientsa

Approved patients Denied patients p valueb

(n = 262) (n = 262)

Inpatient 40 (15.3%) 61 (23.3%) 0.02

Outpatient/physician office 228 (87.0%) 234 (89.3%) 0.42

Surgery 10 (3.8%) 15 (5.7%) 0.32

Other visitsc 115 (43.9%) 132 (50.4%) 0.16

Visits

Inpatient admissions 2.1 ± 1.9 [1] 2.1 ± 1.6 [1] 0.96

Length of stay (days) 10.1 ± 21.0 [4] 5.0 ± 5.5 [4] 0.38

Surgery 2.2 ± 1.5 [2] 1.3 ± 0.6 [1] 0.17

Outpatient/physician office visits 9.4 ± 9.3 [6] 10.3 ± 10.2 [7] 0.39

Other visits 8.8 ± 29.5 3] 9.5 ± 32.7 [3] 0.81

Visits with MS relapse diagnosis 0.7 ± 2.8 [0] 0.7 ± 1.8 [0] 0.31

Prescription drug use

Corticosteroids 111 (42.4%) 134 (51.1%) 0.04

Average daily corticosteroid dose (mg) 0.8 ± 2.4 [0] 1.2 ± 3.2 [0] 0.07

Number of prescriptions filled 48.4 ± 41.6 [39] 47.9 ± 41.5 [37] 0.78

Number of unique drugs 17.8 ± 12.6 [16] 17.0 ± 12.5 [14] 0.45

Medical costs

Total medical costs 23,378 ± 53,556 [4937] 29,467 ± 59,276 [6479] 0.14

Inpatient 693 ± 3937 [0] 753 ± 2415 [0] 0.06

Outpatient/physician office 20,836 ± 52,383 [2909] 24,140 ± 54,525 [4108] 0.42

Other visitsc 1849 ± 7752 [0] 4574 ± 20,735 [45] 0.05

HCRU healthcare resource utilization, EDSS Expanded Disability Status Scale
a Denied patients are propensity score-matched (± � SD) 1:1 to approved patients. The matching criteria include all
baseline characteristics reported in the baseline tables
b Statistical comparisons were conducted using the Wilcoxon signed-rank test for continuous variables and the McNemar
test for dichotomous variables
c The Symphony data list all visits that are not inpatient, outpatient, or surgery as ‘‘other’’
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together, these observations imply that 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.

Matching approved and denied patients
according to the characteristics measured in the
baseline period allowed the study to compare,
with minimal bias, outcomes for patients who
received access to RCI to those who did not.
This comparison showed that denied patients
had measurably worse clinical outcomes and
greater resource use during the 12-month fol-
low-up period. Denied patients were also more
likely to require inpatient admissions, physical
therapy/rehab, and the use of a wheelchair than
those in the approved cohort. Notably, patients
in the denied cohort experienced a greater
number of exacerbation episodes despite having
similar rates of other DMT use as approved
patients. The worsening clinical outcomes
observed in the denied cohort during the fol-
low-up period, such as the increased rates of
exacerbation episodes relative to the approved
cohort, a greater use of physical therapy/rehab
services, and higher rates of treatment for neu-
rologic impairment, is likely a key driver in the
higher healthcare resource use for denied
patients. These results are consistent with pre-
vious studies that demonstrate the clinical and
economic benefits of RCI in treating MS relapse
[20, 22].

Because the Symphony IDV used in this
study indicates the payer type for each pre-
scription claim, it was possible to compare
outcomes for a subset of the approved and
denied cohorts with claims submitted to com-
mercial payers (N = 167) and Medicare
(N = 111) (Table 4). While the trends of gener-
ally worsening clinical outcomes for denied
patients hold after stratifying by payer type, it
was observed that commercially insured
patients who were denied access to RCI had
higher EDSS-derived disability claims than their
approved counterparts, and Medicare patients
in the denied cohort were more likely to require
treatment for neurologic impairment (e.g.,
pain, fatigue, depression, and cognitive
impairment) than Medicare patients who were
treated with RCI. The American Academy of
Neurology indicates that both EDSS-derived

disability indicators and the neurologic indica-
tors that were analyzed in this study are key
metrics, among others, for assessing and
improving the quality of care for patients with
MS [30]. Therefore, the present study’s obser-
vations of lower rates of EDSS-derived disability
claims and neurologic impairment among
patients who were approved for RCI treatment
(among specific payer types and in the overall
matched sample) may serve as important con-
siderations for clinicians and payers in improv-
ing the quality of care for patients with MS
relapse [31, 32].

This study had limitations inherent in the
data used for the analysis. Because the Sym-
phony IDV is an open-source data base linking
patient claims from diverse data feeds, the
database does not contain complete eligibility
records for patients, and thus it is possible that
not all claims for a given patient may be cap-
tured in the data. However, out of all patients
with a prescription claim in the data, 72% had
at least one medical claim which allowed the
study to approximate eligibility relative to the
baseline and follow-up periods. Additionally,
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 IDC diagnosis codes and CPT
codes associated with a particular claim. Finally,
while the data are uniquely rich in a number of
dimensions, 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
statistical significance. However, we interpret
the observed differences between approved and
denied cohorts to be indicative of clinically
relevant distinctions between those who receive
RCI treatment for MS relapse and those who do
not. Future researchers may consider expanding
this analysis into larger studies, where possible,
to assess whether these observed trends remain
consistent in larger sample sizes.

CONCLUSIONS

This study is the first to use rigorous method-
ologies to estimate the impact of RCI treatment
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Table 4 Clinical outcomes and healthcare resource utilization during the follow-up period (Medicare vs. commercial plan
type)

Matched MS patientsa—commercial Matched MS patientsa—Medicare

Approved
patients

Denied
patients

Difference Approved
patients

Denied
patients

Difference

[A] [B] [A] 2 [B] [A] [B] [A] 2 [B]
(n = 80) (n = 87) (n = 57) (n = 54)

Condition-specific characteristics

and HCRU

MS exacerbation episode

C 1 exacerbation episode 21 (26.3%) 35 (40.2%) -14.0% 20 (35.1%) 20 (37.0%) -1.9%

Patients with 1 exacerbation

episode

18 (22.5%) 29 (33.3%) -10.8% 10 (17.5%) 14 (25.9%) -8.4%

Patients with 2 exacerbation

episodes

0 (0.0%) 3 (3.4%) -3.4% 5 (8.8%) 4 (7.4%) 1.4%

Patients with C 3

exacerbation episodes

3 (3.8%) 3 (3.4%) 0.3% 5 (8.8%) 2 (3.7%) 5.1%

Neurologic impairment

indicators

Pain 15 (18.8%) 23 (26.4%) -7.7% 21 (36.8%) 22 (40.7%) -3.9%

Fatigue 30 (37.5%) 31 (35.6%) 1.9% 13 (22.8%) 14 (25.9%) -3.1%

Depression 40 (50.0%) 38 (43.7%) 6.3% 30 (52.6%) 33 (61.1%) -8.5%

Psychosis 28 (35.0%) 30 (34.5%) 0.5% 26 (45.6%) 21 (38.9%) 6.7%

Cognitive impairment 0 (0.0%) 2 (2.3%) -2.3% 0 (0.0%) 3 (5.6%) -5.6%

MS-related treatments

Plasmapheresis 0 (0.0%) 0 (0.0%) 0.0% 0 (0.0%) 1 (1.9%) -1.9%

Intravenous immunoglobulin 1 (1.3%) 1 (1.1%) 0.1% 0 (0.0%) 0 (0.0%) 0.0%

Other disease-modifying

therapy

35 (43.8%) 35 (40.2%) 3.5% 26 (45.6%) 22 (40.7%) 4.9%

Rehabilitation and physical

therapy services

Patients with C 1

rehab/physical therapy claim

7 (8.8%) 11 (12.6%) -3.9% 7 (12.3%) 6 (11.1%) 1.2%

Number of rehab/physical

therapy claims

16.9 ± 18.8

[6]

20.2 ± 21.3

[13]

-3.32 11.3 ± 17.2

[3]

18.8 ± 37.4

[4]

-7.55

Mobility indicators

Overall 8 (10.0%) 14 (16.1%) -6.1% 12 (21.1%) 7 (13.0%) 8.1%

Cane/crutch 0 (0.0%) 2 (2.3%) -2.3% 0 (0.0%) 0 (0.0%) 0.0%
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Table 4 continued

Matched MS patientsa—commercial Matched MS patientsa—Medicare

Approved
patients

Denied
patients

Difference Approved
patients

Denied
patients

Difference

[A] [B] [A] 2 [B] [A] [B] [A] 2 [B]
(n = 80) (n = 87) (n = 57) (n = 54)

Dalfampridine (Ampyra) 7 (8.8%) 8 (9.2%) -0.4% 12 (21.1%) 6 (11.1%) 9.9%

Specialty bed 0 (0.0%) 0 (0.0%) 0.0% 0 (0.0%) 1 (1.9%) -1.9%

Walker 1 (1.3%) 2 (2.3%) -1.0% 0 (0.0%) 0 (0.0%) 0.0%

Wheelchair 0 (0.0%) 2 (2.3%) -2.3% 0 (0.0%) 1 (1.9%) -1.9%

EDSS-derived disability claims 2.5 ± 4.3

[0]

3.8 ± 4.7

[1]

-1.29 6.6 ± 8.0

[3]

7.1 ± 8.2

[6]

-0.44

Procedures

MRI 32 (40.0%) 34 (39.1%) 0.9% 20 (35.1%) 14 (25.9%) 9.2%

All-cause healthcare resource use

C 1 visit

Inpatient 7 (8.8%) 17 (19.5%) -10.8% 16 (28.1%) 18 (33.3%) -5.3%

Outpatient/physician office 72 (90.0%) 79 (90.8%) -0.8% 51 (89.5%) 49 (90.7%) -1.3%

Surgery 0 (0.0%) 4 (4.6%) -4.6% 4 (7.0%) 5 (9.3%) -2.2%

Other visitsb 33 (41.3%) 41 (47.1%) -5.9% 30 (52.6%) 19 (35.2%) 17.4%

Visits

Inpatient admissions 1.4 ± 0.8

[1]

1.3 ± 0.5

[1]

0.13 1.6 ± 0.9

[1]

2.2 ± 1.4

[2]

-0.60

Length of stay (days) 3.7 ± 2.8

[4]

4.9 ± 7.5

[3]

-1.23 4.6 ± 4.7

[3]

4.3 ± 3.5

[4]

0.29

Surgery – – – 1.0 ± 0.0

[1]

1.4 ± 0.9

[1]

-0.40

Outpatient/physician office

visits

8.5 ± 9.4

[5]

10.0 ± 9.8

[7]

-1.51 8.6 ± 8.0

[5]

8.4 ± 7.4

[6]

0.14

Other visits 3.6 ± 3.7

[2]

5.5 ± 6.0

[3]

-1.90 5.5 ± 5.8

[3]

10.7 ± 12.1

[6]

-5.22

Visits with MS relapse

diagnosis

0.3 ± 0.7

[0]

0.6 ± 1.5

[0]

-0.31 0.8 ± 1.5

[0]

0.5 ± 0.8

[0]

0.27

Prescription drug use

Corticosteroids 34 (42.5%) 46 (52.9%) -10.4% 22 (38.6%) 21 (38.9%) -0.3%

Average daily corticosteroid

dose (mg)

0.7 ± 1.9

[0]

1.6 ± 4.0

[0]

-0.90 0.8 ± 1.9

[0]

1.5 ± 3.7

[0]

-0.63
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for MS relapse using a uniquely suited database.
As a result, the findings of this study may help
providers and health plans review current situ-
ations in which RCI treatment may be benefi-
cial to further improve quality of care and
potentially improve outcomes, particularly
among MS patients who do not respond to or
are unable to tolerate first-line therapies such as
high-dose CS. The results of this real-world
study, indicating that RCI treatment for MS
relapse may be associated with a number of
improved patient outcomes, underlines the
importance of continued access to alternative
therapies in this important patient population.
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Table 4 continued

Matched MS patientsa—commercial Matched MS patientsa—Medicare

Approved
patients

Denied
patients

Difference Approved
patients

Denied
patients

Difference

[A] [B] [A] 2 [B] [A] [B] [A] 2 [B]
(n = 80) (n = 87) (n = 57) (n = 54)

Number of prescriptions filled 38.9 ± 25.5

[35]

41.3 ± 31.4

[35]

-2.35 59.9 ± 49.2

[53]

60.8 ± 56.9

[37]

-0.96

Number of unique drugs 16.7 ± 8.4

[16]

15.9 ± 10.9

[14]

0.85 20.7 ± 14.5

[17]

20.2 ± 15.8

[14]

0.46

HCRU healthcare resource utilization, SD standard deviation, EDSS Expanded Disability Status Scale
a Denied patients are propensity score matched (± � SD) 1:1 to approved patients. The matching criteria include all
baseline characteristics reported in the baseline tables
b The Symphony data list all visits that are not inpatient, outpatient, or surgery as ‘‘other’’
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