Research

JAMA Neurology | Original Investigation

Initiation Patterns of Disease-Modifying Therapies for Multiple Sclerosis
Among US Adults and Children, 2001 Through 2020

Mackenzie Henderson, PharmD, MS; Daniel B. Horton, MD, MSCE; Vikram Bhise, MD; Gian Pal, MD, MS;
Greta Bushnell, PhD; Chintan V. Dave, PharmD, PhD

Supplemental content
IMPORTANCE Many disease-modifying therapies (DMTs) have been approved for multiple
sclerosis (MS) in the past 2 decades. Research evaluating how these approvals have changed
real-world prescribing patterns is scarce.

OBJECTIVE To evaluate patterns in DMT initiations between 2001 and 2020 among
commercially insured US adults and children with MS.

DESIGN, SETTING, AND PARTICIPANTS This serial cross-sectional study was conducted from
2001 through 2020 (mean patient enrollment duration, 4.8 years) and used US commercial
claims data (MarketScan). Analysis took place between January 2022 and March 2023. Of
287 084 patients with MS identified, 113 583 patients (113 095 adults and 488 children) with
MS newly initiated at least 1 DMT.

EXPOSURE New initiation episode of a DMT, defined as no claim for the same DMT in the
previous year.

MAIN OUTCOME MEASURE The proportion of total DMT initiations per year attributable to
each DMT. Trends in initiations were evaluated annually.

RESULTS The study team identified 153 846 DMT initiation episodes among adults (median
age, 46 [IQR, 38-53) years]; 86 133 female [76.2%]) and 583 among children (median age,

16 (IQR, 14-17) years; 346 female [70.9%]). Among adults, use of platform injectables showed
an absolute decline of 73.8% over the study period, driven by a 61.2% reduction in interferon
B initiations (P < .001 for trend). In contrast, the 2010 introduction of oral DMTs led to a rise
in their use from 1.1% (2010) to 62.3% (2020) of all DMT initiations (P = .002 for trend).
Infusion therapy initiations remained relatively low, accounting for 3.2% of all initiations since
their introduction in 2004 but increased modestly annually after ocrelizumab was introduced
(2017), reaching 8.2% of all initiations in 2020 (P < .001 for trend). Children showed similar
initiation patterns, except for preferred oral therapy. Between 2019 and 2020, dimethyl
fumarate was the most commonly initiated DMT in adults (23.3% to 27.2% of all initiations),
while in children fingolimod was the most commonly initiated (34.8% to 68.8%).

CONCLUSIONS AND RELEVANCE Current MS treatment guidelines emphasize shared
decision-making between patients and clinicians to balance treatment efficacy, safety, cost,
and convenience. This study found that oral DMTs were the predominant DMT type initiated
by 2020. The cause of this shift cannot be determined from this study, but may reflect several
factors, including convenience of administration, direct-to-consumer advertising,

or insurance restrictions.
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Initiation Patterns of Disease-Modifying Therapies for Multiple Sclerosis Among US Adults and Children, 2001-2020

mproved understanding of multiple sclerosis (MS) patho-

physiology hasled to the development and approval of new

disease-modifying therapies (DMTs), which have substan-
tially shifted the treatment paradigm for MS. In the past 2 de-
cades alone, more than 10 new DMTs have been approved for
MS treatment in the US, introducing new drug classes and
routes of administration to the market.! Compared with their
older counterparts, many of the newer agents are more effec-
tive but present novel challenges related to safety and treat-
ment costs.>® Specifically, oral DMTs became available in 2010
and have provided an alternative, more convenient form of
administration compared with injectable and infusion thera-
pies. As available treatment options for managing MS in-
crease, treatment decisions revolve around shared decision-
making between patients and clinicians regarding the need
to balance convenience, safety and tolerability, efficacy, and
costs.”

Despite the increasing availability of newer therapies to
manage MS, there is very little research evaluating long-term
trends in the patterns of their use in the US, especially among
children. Furthermore, high-efficacy DMTs are now increas-
ingly recommended earlier in the disease course to improve
long-term outcomes.®1° However, it is unclear how the avail-
ability of treatments and treatment guidelines have affected
the use of DMTs in the US recently.” The clinical utility of prior
studies examining this topic are limited by several factors, in-
cluding their short time horizons or cross-sectional designs,
inclusion of only a small subset of available DMTs, or group-
ing DMTs based on common characteristics (eg, route of ad-
ministration) rather than examining them individually. Addi-
tionally, there is limited research that includes children with
MS, a small but unique and vulnerable population.'?"® Taken
together, these factors limit the ability to draw conclusions re-
garding trends in the use of individuals DMTs in the US.
Accordingly, the objective of this study was to evaluate trends
and patterns in the initiation of DMTs between 2001 and 2020
among commercially insured adults and children with MS in
the US.

Methods

This study was approved by the Rutgers University institu-
tional review board and the requirement for informed con-
sent was waived; appropriate data use agreements were in
place. The study followed Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guidelines."”

Data Source and Study Population

The data source for this study was IBM MarketScan Com-
mercial Claims and Encounters (IBM Watson Health), a
health insurance database comprising individuals in the US
with employer-based insurance. MarketScan provides
patient-level information on sociodemographic characteris-
tics, medical and pharmacy enrollment status, pharmacy
dispensing, as well as outpatient and inpatient medical
encounters (including infusions), which are coded using

jamaneurology.com

Original Investigation Research

Key Points

Question Has increasing availability of disease-modifying
therapies for multiple sclerosis changed real-world prescribing
patterns (2001 through 2020)?

Findings In this cross-sectional study of 153 846 and 583
initiation episodes among adults and children, respectively,
platform injectable therapies were most commonly initiated early
in the study period. However, their use declined after 2010 with
the introduction of oral agents, which became the most frequently
initiated therapies by 2020; infusion therapy initiations remained
low overall (less than 5%).

Meaning Disease-modifying therapy prescribing patterns
shifted substantially over the 20-year period; the increasing
use of oral therapies may have been due to multiple factors,
including convenience, insurance restrictions,

or direct-to-consumer advertising.

International Classification of Disease Ninth and Tenth Revi-
sion, Clinical Modification (ICD-9-CM and ICD-10-CM) codes,
Current Procedural Terminology Fourth Edition codes,
Healthcare Common Procedure Coding System codes, and
National Drug Codes.!®

We identified a cohort of adults (18 to 64 years old) and
children (younger than 18 years old) with MS (ICD-9 code
340.xx or ICD-10 code G35 in any position and a DMT claim
within 365 days thereafter) who newly initiated a DMT
between 2001 and 2020 (most recently available data at the
time of analysis).!®-2° New treatment initiation was defined
as nonuse of the initiated DMT during the baseline period
(365-day period prior to treatment initiation). The index date
was defined as the date of the first claim for a qualifying
DMT that was considered a new initiation. Patients were
allowed to contribute more than 1 initiation episode as long
as the eligibility criteria were met at the time of initiation.
Cohort membership was restricted to those with continuous
health care and pharmacy eligibility and to those with an MS
diagnosis during the baseline period.

DMTs

We evaluated 19 DMTs individually and classified them into
5 mutually exclusive categories: (1) platform injectables
(interferon 3 and glatiramer); (2) oral therapies (dimethyl
fumarate, monomethyl fumarate, diroximel fumarate,
fingolimod, siponimod, teriflunomide, and cladribine); (3) in-
fusion therapies (natalizumab, ocrelizumab, and alem-
tuzumab); (4) newer injectable therapies (daclizumab and ofa-
tumumab); and (5) other DMTs including off-label therapies
(rituximab, azathioprine, cyclophosphamide, mitoxantrone,
and mycophenolate).

Patient Characteristics

To describe the study population, we assessed patient char-
acteristics, including sociodemographics (eg, age atindex date,
biological sex) and select comorbid conditions (cancer, de-
pression, neuropathic pain). Medical conditions were as-
sessed during the baseline period (365 days prior to index date).

JAMA Neurology August 2023 Volume 80, Number 8

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Rutgers University Libraries user on 11/20/2025

861


http://www.equator-network.org/reporting-guidelines/strobe/
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.2125

862

Research Original Investigation

Table. Baseline Characteristics for the First Qualifying Episode for Adults
(18 to 64 Years) and Children (Younger Than 18 Years) Who Newly
Initiated at Least 1 Disease-Modifying Therapy for Multiple Sclerosis
Between 2001and 2020?

Adults (n = 113 095) Children (n = 488)

Characteristic No. (%) No. (%)
Total No. of new use episodes 153 846 583
New use episodes per patient
1 83558 (73.9) 319 (65.4)
22 29537 (26.1) 169 (34.6)
Age, y, median (IQR) 46 (38-53) 16 (14-17)
Sex
Female 86133 (76.2) 346 (70.9)
Male 26962 (23.8) 142 (29.1)
Region®
Northeast 22283 (19.7) 90 (18.5)
Midwest 28087 (24.8) 127 (26.0)
South 38245 (33.8) 169 (34.6)
West 19740 (17.5) 88 (18.0)
Unknown/missing 4740 (4.2) 14 (2.9)
Comorbidities®
Any cancer 3263 (2.9) 13(2.7)
Metastatic cancer 377 (0.3) 4(0.8)
Depression 16200 (14.3) 47 (9.6)
Neuropathic pain 2935 (2.6) 11(2.3)

2 In patients with multiple initiation episodes during the study period, only the
first initiation episode is included for the characteristics summarized in this
Table.

bBased on US Census data from 2022, the geographic breakdown of the overall
US population is as follows: Northeast (17.1%), Midwest (20.6%), South
(38.6%), and West (23.6%).>"

€ Comorbidities were evaluated in the year prior to the index date (date of claim
associated with the initiation episode).

Statistical Analysis

The study period was segmented into 20 calendar-year inter-
vals and each initiation episode was assigned to 1 calendar year
according to the index date. For each calendar year, we de-
scribed the proportion of DMT initiations attributable to each
individual DMT (numerator) over all DMT initiations (denomi-
nator). Temporal trends in DMT initiation patterns were evalu-
ated visually through graphical presentation and statistically
using regression models to assess for the presence of linear
secular trends for each DMT.

We conducted 2 sensitivity analyses. First, patients with
evidence of an alternative indication for DMT use (malignan-
cies or rheumatic diseases) were excluded. This analysis was
conducted to exclude initiations that may have been attribut-
able to anon-MS indication and to evaluate whether off-label
use of DMTs exhibited temporal trends throughout the study
period. Second, in addition to examining new initiation epi-
sodes of DMTs, we also reported secular trends in prevalent
use of DMTs where the requirement for new use was waived.
All analyses were performed using SAS version 9.4 (SAS Insti-
tute).
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Results

Of 287 084 patients identified with MS and a DMT claim,
113 095 adults and 488 children newly initiated at least 1 DMT
and were included. A total of 154 429 new initiation episodes
were identified among these patients—153 846 among adults
and 583 among children. The mean (SD) duration of enroll-
ment of eligible patients with MS in our cohort was 4.8 (SD,
3.6) years. Baseline characteristics of patients at their first eli-
gible initiation episode are described in the Table (eTable 1in
Supplement 1 describes characteristics for all initiation epi-
sodes). In terms of geographical distribution, approximately
one-third of the study cohort resided in the southern US, a quar-
ter in the Midwest, one-fifth in the Northeast, and 18% in the
West. Among adults, the median age was 46 (IQR, 38-53) years,
86133 were female (76.2%), and approximately 14% had a di-
agnosis of depression during the baseline period. Among chil-
dren, the median age was 16 (IQR, 14-17) years and 346 were
female (70.9%). The baseline prevalence of many comorbid
conditions (eg, depression) was similar among children and
adults.

DMT Use in Adults

Trends in initiations of frequently prescribed DMTs in adults
are presented in Figure 1 for individual DMTs, while Figure 2
describes these trends by route of administration (eTable 2 in
Supplement 1reports detailed information on all 19 DMTs and
all routes of administration).

New initiations for platform injectable therapies as a
proportion of overall DMT initiations declined from 2001
(99.3% of all initiations) to 2020 (25.5% of all initiations;
P < .001 for trend). Among individual platform injectables,
interferon (3 showed an absolute decline of 61.2% over the
study period from 72.3% in 2001 to 11.1% in 2020 (P < .001
for trend). By contrast, initiations of glatiramer increased
from 27.0% in 2001, peaked at 39.3% in 2009, and declined
thereafter to 14.4% of initiations by 2020 (P < .001 for
trend).

Infusion therapies accounted for a very small proportion
ofinitiation episodes throughout the study period (3.2% of ini-
tiations since 2004), with a modest increase in 2017 with the
introduction of ocrelizumab (P < .001 for trend). Initiations of
natalizumab (approved in 2004) remained relatively stable
throughout the study period with a peak at 3.0% in 2016
(P = .001). In contrast, ocrelizumab initiations accounted for
4.3% of DMT initiations in 2017, the year of its initial ap-
proval, and its use steadily increased through the end of the
study period to 5.8% of initiations in 2020, though this in-
crease was not statistically significant (P = .10 for trend).

The decline in initiations of platform injectables corre-
sponded strongly with the market introduction of oral thera-
pies in 2010, rather than the availability of infusion DMTs in
2004. Initiations of oral therapies greatly increased between
2010 (1.1% of initiations) and 2020 (62.3% of initiations)
(P = .002 for trend). Among oral therapies, dimethyl fuma-
rate (approved in 2013) was the most frequently initiated oral
agent within its class. Dimethyl fumarate saw high uptake in
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Figure 1. Initiation Episodes of Disease-Modifying Therapies (DMTs) in Adults (18 to 64 Years Old)

With Multiple Sclerosis, 2001 Through 2020
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Figure 2. Initiation Episodes of Disease-Modifying Therapies (DMTs) by Route of Administration in Adults

(18 to 64 Years Old) With Multiple Sclerosis, 2001 Through 2020
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in Supplement 1.

its first year of use, peaking at 36.4% of all DMT initiations in
2013 and declining modestly thereafter to 23.3% of initia-
tions (P = .001 for trend). In comparison, initiations of fin-
golimod (approved in 2010) did not exceed 20% during the
study period, peaking at 18.4% in 2015 (P = .10 for trend). Simi-
larly, initiations of teriflunomide (approved in 2012) in-
creased steadily after its approval, peaking at 15.5% in 2018
(P =.002 for trend). Additionally, the increase in use of oral

jamaneurology.com

DMTs between 2019 and 2020 was driven largely by uptake
of newer agents within the class, including cladribine (3.2%
of initiations in 2020), diroximel fumarate (6.7%), ozanimod
(1.1%), and siponimod (3.3%) (eTable 1 in Supplement 1). Off-
label drug initiations (azathioprine, cyclophosphamide, my-
cophenolate, rituximab) and initiations of mitoxantrone were
minimal (less than 2% annually) in adults throughout the study
period.
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Figure 3. Initiation Episodes of Disease-Modifying Therapies (DMTs) in Children (Younger Than 18 Years Old)

With Multiple Sclerosis, 2001 Through 2020
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Figure 4. Initiation Episodes of Disease-Modifying Therapies (DMTs) by Route in Children

(Younger Than 18 Years Old) With Multiple Sclerosis, 2001 Through 2020
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DMT Use in Children

Due to the small number of initiation episodes identified in chil-
dren, data for children were grouped into 2-year intervals for
graphical presentation, but trend analysis was conducted an-
nually. Trends in DMT initiations in children are presented by
individual DMTs (Figure 3) and route of administration
(Figure 4); eTable 3 in Supplement 1 contains detailed infor-
mation on all DMTs and routes of administration in children.
Overall, trends in DMT initiations in children reflected trends
in adults with 1 major exception. While use of fingolimod
slightly decreased in adults after 2015, its use in children in-

JAMA Neurology August 2023 Volume 80, Number 8

creased significantly through the end of the study period
(P =.002). Between 2019 and 2020, fingolimod accounted for
68.8% of all initiation episodes.

Sensitivity Analysis

Results for the 2 sensitivity analyses are described in eTables 4
and 5, as well as eFigures 1 and 2 in Supplement 1. Study re-
sults were consistent with the primary analysis when we ex-
cluded patients with potentially alternative indications for DMT
use, as well as in the prevalent use analysis. Study results were
consistent with the primary analysis when the study team ex-
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cluded patients with potentially alternative indications for DMT
use (eTables 4 and 5 in Supplement 1), as well as in the preva-
lent use analysis.

|
Discussion

We used a large US commercial claims database to evaluate
trends in initiation patterns of DM Ts in adults and children with
MS from 2001 through 2020. At the beginning of the study
period, few DMTs were available and platform injectables
(interferon B and glatiramer) were the most commonly initi-
ated DMTs, accounting for almost 100% of initiations in 2001.
With the approval of new DMTs throughout the study period,
initiations of platform injectable therapies exhibited a down-
ward trend through 2020, accounting for only 25% of initia-
tions by 2020. Although infusion therapies became available
in 2004, their use remained relatively low throughout the study
period. In contrast, initiations of oral therapies rose sharply
after their introduction in 2010, accounting for most new ini-
tiations by 2020.

The treatment guidelines for MS emphasize shared
decision-making between patients and clinicians.” Because of
the variety of DMTs currently available, several factors may be
considered in these decisions, including efficacy, safety, tol-
erability and ease of administration, treatment costs, and in-
surance limitations. Understanding how real-world treat-
ment patterns in MS have shifted can provide insight into
patients’ and clinicians’ evolving priorities in making these de-
cisions. The findings from our study suggest that, in recent
years, patients with MS were more likely to initiate oral DMTs
than older platform injectable or infusion DMTs. Platform in-
jectable therapies have well-established safety profiles and may
have a lower risk of certain serious but extremely rare ad-
verse events compared with many newer agents. However,
clinical trials have found some of the newer agents to be more
effective than interferon (3 based on relapse rates, lesion bur-
den, and/or disability scores.?-%-22 Initiations of both inter-
feron 3 and glatiramer significantly declined throughout the
study period, but glatiramer did not follow a strictly linear de-
cline. We saw a modest increase in the use of glatiramer around
2015 through 2016, which may reflect the 2014 approval of a
less frequent subcutaneous dosing schedule, allowing for glati-
ramer to be administered three times per week rather than
once daily.??

Throughout the study period, infusion DMTs accounted
for less than 10% of initiations. Infusion agents have been as-
sociated with certain very rare adverse events and these as-
sociations may have contributed to their limited adoption dur-
ing the study period." Natalizumab was briefly removed from
the market following reported cases of progressive multifo-
cal leukoencephalopathy (PML), an extremely rare adverse
event, in a few treated patients.?42> However, while natali-
zumab initiations remained low throughout the study, initia-
tions of ocrelizumab appeared to increase steadily after its
approval in 2017. There were no reported cases of PML asso-
ciated with ocrelizumab until 2020, perhaps in part due to pro-
active testing for John Cunningham virus that enhanced ocreli-
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zumab's safety profile.2®-2” This distinction may partly explain
the divergent trends between natalizumab and ocrelizumab.
However, PML is extremely rare and the impact of this risk on
treatment decisions cannot be understood from this study.
Other factors, including insurance formulary restrictions, may
have also limited the use of high-efficacy DMTs (eg, natali-
zumab and ocrelizumab) as first-line options. However, their
use may increase in the future as recommendations for their
use early in the disease course are increasingly adopted.®

The decline in use of platform injectable therapies was
more strongly linked to the increasing availability and use of
oral therapies, introduced in 2010, rather than infusion thera-
pies. By the end of the study period, oral therapies were the
most commonly initiated DMTs overall. While this study is un-
able to attribute this observed trend to any particular cause,
there may be several reasons that oral medications may have
been preferred to infusion or injectable therapies. First, they
are more convenient to take and do not require a visit to cli-
nicians or infusion centers. Such considerations may have
played a more outsized role early in the COVID-19 pandemic.
Second, their increasing popularity may also be driven by
direct-to-consumer advertising, as well as potential coverage
limitations imposed by insurance companies, including for-
mulary restrictions, prior authorization requirements, and
cost sharing.

Our results were largely consistent between children and
adults overall. However, the most commonly initiated oral DMT
in 2020 was dimethyl fumarate among adults but fingolimod
among children. This distinction coincides with the 2018 pub-
lication of the PARADIGMS trial results and subsequent 2018
US Food and Drug Administration approval of fingolimod in
children 10 to 17 years old.?82° The trial showed that, com-
pared with interferon B, fingolimod was associated with sig-
nificantly fewer relapses and lower rates of new/newly en-
larged lesions on magnetic resonance imaging. The pediatric
labeling of fingolimod makes it the first and only currently US
Food and Drug Administration-approved DMT for children. Of
note, results from the CONNECT trial were published in 2022,
which found dimethyl fumarate to be superior to interferon 3
in children with MS based on similar end points.>® How these
new findings will affect future trends in DMT use in children
remains to be seen. Trends in use of oral DMTs differed be-
tween adults and children in other ways as well. Initial up-
take of oral DMTs was higher in children: by 2009, oral DMTs
accounted for 5.7% of initiations in children but less than 0.1%
of initiations in adults. However, subsequent uptake of oral
DMTs appeared to be faster in adults than children: oral DMTs
became the most commonly initiated DMTs in adults by 2013,
2 to 3 years before this occurred for children.

The findings from our study were generally consistent with
the limited available literature on trends in DMT use for MS.
A 2021 article comparing new use of fingolimod with plat-
form injectable DMTs among commercially insured US adults
atleast 18 years found that, between 2010 and 2011, platform
injectables accounted for 84.4% of new use episodes, while fin-
golimod accounted for 15.6%.%' Our study found similar re-
sults for 2011. A 2020 study that evaluated MS treatment pat-
terns by route of administration among commercially insured
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or Medicare-insured adults in the US found that, in 2011, plat-
form injectable, oral, and infusion DMTs accounted for about
77.8%, 13.1%, and 9.1% of DMT initiations, respectively.!®
By 2016, platform injectable, oral, and infusion DMTs ac-
counted for 53.9%, 32.4%, and 13.7% of DMT initiations, re-
spectively. Our findings were similar for 2011 but were slightly
different for 2016. These discrepancies may be attributed to
the different study populations, respective definitions of
new use, and/or DMTs evaluated.

Our study used a large and diverse sample of commer-
cially insured patients with MS to evaluate trends in DMT use
in the US over a 20-year period. Our study also included chil-
dren with MS, a vulnerable and understudied population.
The findings from this study contribute to a greater under-
standing of MS treatment patterns and how they have changed
over time with the approval of several new DMTs that have
increased patients’ and clinicians’ options for the treatment
of MS.

Limitations

Some study limitations are noted. We evaluated a sample of
adults and children in the US with commercial health insur-
ance (approximately 55% of the US population has commer-
cial health insurance), limiting our ability to evaluate DMT use
in the elderly or in patients with public or no insurance. Ad-
ditionally, MarketScan data modestly oversample patients in
the Northeast (18.5% t0 19.7% in our study vs 17.1% from 2022
US Census) and Midwest (24.8% to 26.0% in our study vs 20.6%
from 2022 US Census) of the US—regions where MS is more
prevalent.?!-32 We were also unable to evaluate race, ethnic-
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ity, or socioeconomic status, which may have roles in prescrib-
ing patterns and disease severity. As MSis rare in children, very
few children met the inclusion criteria for this study, which af-
fected the precision of our estimates for specific MS thera-
pies in this population. As with previous claims-based stud-
ies, ICD-based definitions of MS are unable to distinguish MS
subtypes.!®2° As our study ended in 2020 due to lag time in
data availability, we were unable to study recent trends (2021
onward) in the uptake of newer agents (eg, ponesimod and ofa-
tumumab) that were approved in 2019 or later. However, simi-
lar to other DMTs studied, it is expected that it may take sev-
eral years to evaluate their full impact at the population level.
Lastly, we were unable to adequately evaluate the impact of
the COVID-19 pandemic on treatment disruptions/switches.>?

. |
Conclusions

In regard to this observational study, our investigation offers
an important step in understanding the evolving treatment
landscape for MS among US adults and children. The declin-
ing use of platform injectable DMTs corresponded largely with
the availability of oral alternatives rather than the introduc-
tion of infusion DMTs. The exact reasons for these observed
patterns cannot be determined from this study, but likely re-
flect several factors, including the convenience of adminis-
tration, insurance limitations, and advertising strategies. As
new DMTs continue to enter the market, future research should
evaluate the impact that these approvals will have on MS treat-
ment patterns.
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