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ABSTRACT
Introduction: Approximately 10% of individuals with multiple sclerosis (MS) have pediatric-onset (<18- 
years-old). Pediatric-specific barriers to accessing disease modifying therapies (DMT) exist. Issues include 
few pediatric-based randomized controlled trials (RCT), often required for formal regulatory approval, 
and resultant challenges with cost/coverage. This review assessed real-world DMT uptake in pediatric- 
MS to better understand potential barriers.
Areas covered: We performed a scoping review of observational studies examining DMTs in patients 
with pediatric-MS published between 07/1993 and 06/2024. PRISMA guidelines were used. Databases 
searched included: Cochrane Library, Ovid MEDLINE/Embase, Scopus, and Web of Science. Studies must 
include >10 DMT exposed pediatric-MS patients with full-text available in English. RCTs/pharmaceutical- 
industry funded studies were excluded. Of 2114 abstracts screened, 88 studies were included. A total of 
21,591 patients (13,411 females) were included. DMTs were used in 68.7% (n = 14,833). Most studies 
were from Europe (53.4%), North America (22.7%), or the Middle East (10%). Regional variabilities were 
found in DMT uptake between continents. Only 13 (14.8%) studies included information on DMT 
funding source.
Expert opinion: Pediatric-MS patients showed low DMT uptake with variability in DMT use based on 
region. Limited data was found regarding specific barriers to DMT access. Further research is needed to 
better understand regional barriers to access.
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1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory and degen-
erative disease of the central nervous system and a leading 
neurological cause of non-traumatic disability in young indivi-
duals. Up to 10% of persons with MS (PwMS) have disease 
onset in the pediatric years [1]. Pediatric-onset MS (POMS) 
patients have higher disease burden, higher number of 
relapses, and more inflammatory disease [2–6]. These indivi-
duals are at risk for motor and cognitive disability at a younger 
age than patients with adult-onset MS [7–10].

Early treatment is crucial for reducing relapse frequency 
and slowing disability progression [8,9,11–14]. In both adult 
and pediatric populations, early initiation of high-efficacy 
disease modifying therapies (DMT) is associated with fewer 
new or enhancing lesions on magnetic resonance imaging 
(MRI), lower relapse rates, reduced disease burden, and bet-
ter health outcomes [11,12,15–18]. As such, first-line use of 
high-efficacy DMTs has become the mainstay of MS care in 
adults. However, implementing these strategies in POMS 
populations is challenging as most DMTs are not approved 
to be used within pediatrics and therefore use is often off- 
label or not possible.

In recent years, several high-quality observational studies 
have evaluated the effectiveness and safety of various DMTs 
for POMS. A growing body of pediatric data underscores the 
importance of early use of higher-efficacy therapies, similar to 
that seen in adults [19–24]. For example, a recent retrospective 
cohort study from the MSBase and Italian MS Registry, which 
included 5,224 POMS patients across 151 centers in 41 coun-
tries, found that the use of higher-efficacy therapies substan-
tially reduced the risk of reaching key disability milestones. 
Another study within this population found that natalizumab 
and fingolimod were associated with significantly lower rates 
of relapse compared to patients treated with injectable DMTs 
[24]. Given that this review focuses on access and usage 
patterns rather than effectiveness, we will not address treat-
ment effectiveness in detail. However, it is important to 
acknowledge the growing body of recent observational stu-
dies examining effectiveness and safety within the area of 
POMS [13–15,19–21,24–26].

General barriers to DMT access in PwMS relate primarily to 
cost and coverage. A 2021 international survey of MS experts 
found that 72% of respondents from countries surveyed 
reported barriers to DMT access, with the most common 
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barrier cited being cost to the government, healthcare system, 
or insurance [27]. In addition, respondents from almost half of 
the countries surveyed reported problems with continuous, 
uninterrupted usage of DMTs, most commonly due to irregu-
lar supply or delays with reimbursement for DMTs during 
renewals [27]. A United States (US)-based survey of PwMS 
found that 46% of respondents reported difficulty accessing 
DMTs, most common reasons reported being authorization 
requirements by insurance companies and high out-of- 
pocket costs. About half of PwMS went without DMT while 
navigating access issues, with nearly half of these individuals 
reporting relapses during this time [28].

In addition to the general barriers to DMT access for all PwMS, 
there are additional challenges specific to the pediatric popula-
tion, mainly due to the limited number of completed rando-
mized controlled trials (RCTs) in POMS. Regulatory approval, 
which is typically required for government or insurance providers 
to cover treatments, is harder to obtain for pediatric medications 
without results from RCTs. Despite the growing body of observa-
tional research, these observational studies are often not con-
sidered in the regulatory approval process. While over 20 DMTs 
have been approved for adults with MS, many of which have 
demonstrated safety and effectiveness in pediatric observational 
trials, only the three which have been studied in pediatric- 
specific RCTs – fingolimod, dimethyl fumarate (DMF), and teri-
flunomide – are approved by the European Medicines Agency 
(EMA, DMF for patients >13 years, fingolimod and teriflunomide 
for patients >10 years) [29–33]. Of these, only fingolimod is US 
Food and Drug Administration (FDA) approved for patients >10  
years [34–38]. The lack of regulatory approval limits access to 
these therapies and exacerbates coverage and cost issues. Even 
in higher-income settings, most DMTs for children with MS are 
used off-label, and decisions about coverage are left to individual 
insurers without standardized guidelines. This makes it more 
difficult – if not impossible – to secure funding through the 
same channels available to adult MS patients. Given these reg-
ulatory and access challenges, it is not surprising that a recent 
large-scale insurance database study in the US found that 65.3% 
of pediatric patients with MS did not receive any DMT in the 
first year after their MS diagnosis [39].

This paper aims to identify and better understand the barriers 
and potential knowledge gaps in DMT availability and uptake in 
the POMS population. To do this, we conducted a scoping review 
of all studies assessing the current real-world, regionally specific 
uptake patterns for DMTs within POMS. We then examined these 
articles to try to identify funding sources for DMTs used and 
other barriers to access identified in the everyday care of POMS 
patients. Understanding these general uptake patterns and 

pediatric-specific DMT access issues serves as a key foundational 
step in creating standardized, equitable treatment approaches 
for POMS.

2. Methods

This scoping review included observational studies that describe 
DMT use in pediatric MS or clinically isolated syndrome (CIS) with 
symptom onset <18-years-old published between 07/1993 and 
06/2024. The protocol was designed as per PRISMA guidelines 
and registered with the Open Science Framework (reg. 07/2023) 
[40]. Databases searched included: Ovid EBM Reviews Cochrane 
Library, Ovid MEDLINE and Epub Ahead of Print, In-Process, In- 
Data-Review & Other Non-Indexed Citations and Daily, Ovid 
Embase Classic+Embase, Elsevier Scopus, Clarivate Web of 
Science Core Collection. Conference proceedings of the 
American Academy of Neurology (AAN), European Committee 
for Treatment and Research in MS (ECTRIMS) and American 
Committee for Treatment and Research in MS (ACTRIMS) in the 
last 4 years (2019–2023) were also searched. Search terms are 
included in appendix A. DMTs included: interferons, glatiramer 
acetate, teriflunomide, dimethyl fumarate, natalizumab, fingoli-
mod, ofatumumab, siponimod, ocrelizumab, ozanimod, ponesi-
mod, cladribine, alemtuzumab, and rituximab. The reference lists 
of all included articles were searched, and relevant papers 
included.

Covidence software was used for article review [41]. All 
abstracts were independently reviewed for eligibility accord-
ing to the pre-determined criteria by two reviewers (BC/LS), 
any conflicts were resolved by a third reviewer (JJ). Data were 
extracted from articles by one reviewer (BC/JJ/LS). Each article 
was reviewed for effectiveness according to the Joanna Briggs 
Institute (JBI) levels of evidence by one reviewer [42].

Articles were included if they: (1) were observational in 
design (cross-sectional or longitudinal), (2) mentioned DMT 
use in a POMS/CIS population with over 10 participants ≤18- 
years-old using a DMT, (3) specified that the DMT was initiated 
in the pediatric period (≤18-years-old) if patients were fol-
lowed into the adult years, (4) included original results 
(reviews were excluded), and (5) had full text available in 
English. Articles which included both pediatric and adult 
patients were included only if pediatric information (data for 
≤18-years-old) was reported separately. Exclusion criteria 
were: (1) DMT funded exclusively by the pharmaceutical indus-
try or within an RCT, (2) case reports or case series with under 
10 patients, and (3) studies which had no patients on a DMT or 
did not specify which DMTs were used. To avoid duplication, 
if >1 article was published using the same population source, 
then only the most recent publication was included. We 
extracted studies which reported numerous DMTs from stu-
dies which focused on one specific DMT, as these were felt to 
better represent overall prescribing practices within a cohort. 
We assessed each article for information on DMT funding 
source, information on application for DMTs, or other men-
tioned barriers in DMT access. To achieve this, we system-
atically reviewed all articles and documented any sources of 
funding (e.g. private insurance databases, government organi-
zations) referenced in the introduction or methods section of 
each paper. When a funding source was identified, we 

Article highlights

● This scoping review analyzed real-world DMT use in 88 observational 
studies involving 21,591 patients with pediatric-onset MS.

● DMTs were used in just over two-thirds of pediatric-onset MS patients.
● The uptake and pattern of DMTs use varied across continents and 

changed over time.
● Limited information is available regarding DMT funding sources and 

processes for securing funding across different regions.
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analyzed the text to determine whether it outlined specific 
procedures for obtaining or securing the funding, as well as 
any challenges associated with these processes.

For article classification, we grouped studies into registry- 
based (single center or multiple centers), and population-based 
(including administrative/insurance claims-based). We further 
classified as prospective cohort/case-series (including retrospec-
tive review of prospectively followed cohorts), retrospective 
cohort/case-series, cross-sectional, and case-control based on 
study methodology. For data extraction, data was grouped 
into ≤2014 or ≥2015 according to the last year of data collection 

(or year of publication if last year of data collection not pro-
vided). We used 2015 as the cutoff as prior studies identified 
a shift in DMT prescribing in the POMS population around this 
time, with a reduction in use of the beta-interferons (IFN) as 
newer DMTs became available [43–45]. We also classified DMTs 
into moderate-efficacy (IFN, glatiramer acetate, teriflunomide, 
DMF) and high-efficacy (natalizumab, fingolimod, rituximab/ 
ocrelizumab/ofatumumab, cladribine, alemtuzumab) [46]. Other 
treatments such as intravenous steroids, plasma exchange or 
intravenous immunoglobulins, and other non-DMT immunolo-
gical medications, were not assessed. If sequencing of a DMT (i.e. 

Figure 1. Flow chart of search and article inclusion/exclusion per review criteria for observational studies assessing DMTs in pediatric-onset MS.
DMT = disease modifying therapy, MS = multiple sclerosis, POMS = pediatric-onset MS, RCT = randomized controlled trial. 
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used first or used second or third) was not specified in the study, 
it was classified into first used DMT.

3. Results

A total of 2330 studies were screened for inclusion. Eighty- 
eight studies were eligible, including 8 additional articles 
identified from review of references in the collected papers 
[4,6,13,15,16,18–21,23–26,39,43,45,47–118]. All were published 
between August 2001 and May 2024 (see Figure 1).

Of the studies reviewed, 77 were registry-based (87.5%, 
33=single center, 44 = multiple centers), 4 (4.5%) were popu-
lation-based, and 7 (8.0%) were administrative. Thirty-one 
(35.2%) studies were classified as prospective, 50 (56.8%) as 
retrospective, 6 (6.8%) as cross-sectional and 1 (1.1%) as case- 
control. Twenty-eight studies (31.8%) specifically collected 

information on one DMT only, whereas 60 (68.2%) collected 
information on multiple DMTs.

Overall, the majority of publications were from Europe 
(53.4%), followed by North America (22.7%), Middle East 
(10%), and South America (3.4%), with the remainder (6.8%) 
being international (defined as including multiple countries 
from different continents). Only 1 (1.1%) article was found 
from each of Africa, Australia, and Asia (see Figure 2 and 
Table 1). The individual country with the highest number of 
publications was the US (n = 15).

3.1. Funding of DMTs

Only a minority (14.8%, n = 13) of articles specified the source 
of funding for DMT, including government funded (n = 6), 
private insurance (n = 6), or self-pay (n = 1). Of note, 4/6 

Figure 2. Distribution of articles included in scoping review on observational studies on DMT use in the POMS population per region.
DMT = disease modifying therapy, POMS = pediatric-onset MS. 

Table 1. Summary of studies included in scoping review of observational studies assessing DMT use in pediatric-onset MS.

Data collected or study published 
2014 or earlier

Data collected or study published 
2015 or later Total

Total number of studies 23 65 88
Continent (number of studies)

Europe 7 40 47
North America 9 11 20
Middle East 1 8 9
South America 1 2 3
Asia 1 0 1
Australia 1 0 1
Africa 0 1 1
International 3 3 6

Total participants 2013 19578 21591
Participants ever used a DMT to treat POMS (%) 1533 (76.2%) 13300 (67.9%) 14833 (68.7%)
Female – number (%) 995 (49.4%) 12446 (63.6%) 13441 (62.3%)
Articles with DMT funding source specified – 

number of studies (%)
5 (21.7%) 7 (10.8%) 12 (13.6%)

DMT = disease modifying therapy, POMS = pediatric-onset MS. 
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articles which reported government funded/special access 
were from Europe, where 5/6 articles that reported private 
insurance were from the U.S.A.. The article which reported self- 
pay was from China (see Table 2). No studies specified the 
process or steps for applying for or securing funding. See 
appendixes B-D for full data and DMT information of articles 
included.

3.2. DMT prescribing patterns

Data on DMT use was reported for 21,591 children/youth with 
MS, with approximately 2/3 (n = 14,833, 68.7%) of POMS 
patients included treated with a DMT and approximately 1/3 
(n = 6,758, 31.3%) not on DMTs (see Table 1). The IFNs were 
the most commonly reported, accounting for nearly half of all 
DMTs use (see Table 3). When examining only studies that 
assessed numerous (>1) drugs, moderate efficacy DMTs were 
reported most frequently, representing 79% of first used DMTs 
and 68.8% of all DMTs reported (see Table 3). When examining 
trends over time, moderate efficacy DMTs became used less 
frequently and high-efficacy DMTs were used more frequently 
when comparing from prior to 2015 to after 2015 (see 
Table 4).

3.3. Geographic differences in DMT use

Natalizumab was the most common high-efficacy DMT 
reported in papers from Europe, while fingolimod was the 
most common in papers from the Middle East and South 
America. As for B-cell therapies, rituximab was described at 
a rate two times higher in papers from North America than in 
those from other regions, whereas ocrelizumab use was 
reported twice as frequently in papers from the Middle East 
than in other regions. Glatiramer acetate was reported more 
commonly in papers from North and South America than 
Europe, Middle East, or elsewhere. It was reported as first- 

line therapy almost five times more often in papers from 
North America than in papers from Europe (see Table 5).

3.4. Evidence for effectiveness levels

Of studies included, the vast majority (n = 58) we assigned 
a JBI level of effectiveness score of 3e (observational study 
without a control group). Three studies were 2e (quasi- 
experimental design with historic/retrospective control 
group), 14 were 3c (cohort study with control group), 1 was 
3d (case-controlled study), 6 were 4b (cross-sectional) and 6 
were 4c (case series) (see appendix B).

4. Discussion

In this scoping review, we aimed to identify POMS DMT 
uptake patterns, funding sources, and access barriers in differ-
ent regions around the world as a first step in understanding 
pediatric-specific issues and barriers to DMT use. In order to 
do this, we reviewed observational studies with > 10 POMS 
that had used a DMT published between 1993 and 2024.

In the current review, we found a low uptake of DMTs in 
POMS with only approximately 2/3 of patients (68.7%) 
reported in the included studies having ever used or cur-
rently on DMTs. We also observed that the specific DMTs 
used and uptake trends in the included studies varied 
across different regions and continents. Unfortunately, in 
our review, little information was found on reasons for 
this low uptake and regional variability in DMT use within 
the POMS population. Limited information was reported in 
studies regarding funding source and the process of secur-
ing funding in different regions, with only 14.8% of studies 
reporting the funding source for DMTs used and no studies 
discussing the process of application for securing DMT 
coverage. While the exact cause for the low DMT uptake 
and regional variabilities is unknown, common barriers to 

Table 2. Scoping review of observational studies of DMT use in POMS: Summary of papers which provided sources for funding.

Article Ref Country DMT Funding Source
Number of 

patients included
Number of 

patients on DMTs DMTs Used

Asia
Yang et al. [112] China Self-Pay 25 15 IFN
Europe
Frahm et al. [59] Germany German Statutory Health Insurance 613 335 IFN, GA, Nat, Fing
Ivanova et al. [71] Bulgaria Government funded, compassionate care 11 11 IFN
Krajnc et al. [76] Slovenia Government funded (with approval by regional 

committee for Treatment of MS)
38 24 IFN, GA, DMF, Nat

Saponaro et al. [32] France IFN covered, some in RCTs, others not specified 78 78 IFN, GA, Teri, DMF, Nat, 
Fing, Alem, Ritux

Von Wyl et al. [109] Switzerland Health Insurance 236 236 IFN,GA, DMF, Nat
Middle East
Amirov et al. [39] Turkey Applied for special access 75 75 IFN, Ocre
Ismail et al. [70] UAE Government funded 31 20 IFN, GA, Nat, Fing
North America
Greenberg et al. [63] USA Private insurance 288 100 IFN, GA, DMF, Fing, Nat
Henderson et al. [65] USA Private insurance 488 488 IFN, GA, Teri, DMF, Nat, 

Fing
Oleen-Burkey et al. [86] USA Private insurance 212 85 GA
Reynolds et al. [92] USA Private insurance 28 28 IFN, GA, Nat
Vollmer et al. [108] USA Private insurance 10 10 DMF, Fing

Alem = alemtuzumab, cyclo= cyclophosphamide, DMF = dimethyl fumarate, DMT = disease modifying therapy, Fing = fingolimod, GA= glatiramer acetate, IFN =  
interferon, Nat = natalizumab, Ocre = ocrelizumab, RCT = randomized controlled trial, Ritux = rituximab, Teri= teriflunomide, UAE = United Arab Emirates, U.S.A. =  
United States of America. 
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consider based on prior studies may include differences in 
formal government/regulatory approval, regional DMT avail-
ability, DMT costs, and funding source (e.g. insurance cover-
age, government funding, out-of-pocket) [27,115,119]. Other 
factors may include individual clinicians’ perspectives on 
the effectiveness and safety of specific DMTs, as well as 
patient preferences.

4.1. Formal government approval

Currently, only 3 DMTs have been evaluated in RCTs for 
POMS – fingolimod, teriflunomide, and dimethyl fumarate 
[29–32,47]. This lack of RCT evidence within POMS creates 
challenges in meeting the criteria often required for formal 
government or other regulatory body approval for DMTs 
[120,121]. Variations in regulatory practices and interpretations 
of study results may also lead to differences in regulatory 
approval across regions. For instance, while the FDA rejected 
the application for approval of teriflunomide for POMS after 
the primary endpoints were not met in the RCT evidence 
submitted, the EMA accepted a secondary endpoint (MRI) 
and allowed for approval of this agent in 2021 [36,37]. 
Interestingly, even though fingolimod is the only FDA and 
Health Canada approved DMT for POMS, published studies 
suggest less frequent use of fingolimod in North America 
compared to natalizumab and rituximab. It is possible that in 
these regions other factors, such as clinician’s preferences/ 
experiences, payor policies, and coverage options for DMTs, 
may play a more substantial role in influencing DMT choice 
than formal drug approval.

One major obstacle in obtaining the RCT studies neces-
sary for formal regulatory approval is the rarity of POMS, 
rendering completion of RCTs challenging to complete. 
Prior research has found that RCTs that assess DMTs within 
the POMS population take longer to recruit, have lower 
enrollment numbers, and may be underpowered for the 
efficacy endpoints chosen [119,121]. Recently POMS specia-
lists have discussed potential strategies to advance the field 
of POMS given these issues with obtaining RCT data, with 
a focus on the use of real-world effectiveness data 
[119,121]. The current review may contribute to mitigating 
this issue as it is one of the largest reviews to date of 
observational, real-world studies assessing DMTs within the 
POMS population.

This review did find that most of the DMT agents cur-
rently being used in adults with MS, have been reported to 
be in use in the pediatric population (see appendix C), and 
typically with similar safety and efficacy profiles as those 
reported in adults. However, this was not the primary objec-
tive of the current review and, therefore, was not formally 
assessed. While the current study focused on observational 
trials, we classified most of the included studies as JBI level 
3e evidence (cohorts without a control group). Given the 
challenges of conducting RCTs in this population, future 
research should aim to strengthen the evidence base, 
potentially by incorporating appropriate control groups in 
observational cohort studies or utilizing quasi-experimental 
designs.

4.2. DMT coverage and insurance concerns

The lack of formal regulatory approval for the majority of 
DMTs means that many DMTs are not able to be used or are 
being used off-label in pediatrics. This is often not standar-
dized and DMT coverage options may vary depending on the 
specific insurance or government payor. In this review, we 
found limited information on funding source and the process 
of securing funding in different regions. Only 13 studies 
(14.8%) reported their source for funding of DMT and of 
these none discussed the process of securing or applying for 
funding. Of studies which did report funding source, most 
with government-funded DMTs were from Europe or the 
Middle East whereas most with private-insurance funded 
DMTs were from North America (specifically the US) – this 
may speak to a larger trend of how DMTs are funded in 
these regions.

Trends in insurance coverage are also changing over time 
as DMTs continue to become more expensive. One study 
based in the US found that DMT costs increased annually at 
rates 5–7 times higher than typical prescription drug infla-
tion [122]. Where US Medicare provided almost 100% cover-
age for DMTs for PwMS in 2007; coverage dropped to 
54–89% by 2016 [123]. Many insurance companies have 
implemented tiered formularies or restrictions on DMT pre-
scribing practices to help mitigate these high costs, which 
may hinder timely DMT initiation or renewal [122,124]. Given 
that cost and coverage for DMTs have been well-identified in 
prior research as a key limitation in DMT access in PwMS 
[27,28], further research is essential to build on the current 
findings and more thoroughly examine regional DMT fund-
ing options and the processes for securing coverage in 
pediatric populations. While the current study analyzed pub-
lished observational trials for commentary on funding 
sources and access issues, such information may be more 
likely to be contained in other types of documents (e.g. 
country-specific or insurance-specific policy statements). 
Therefore, we would recommend for future research to 
focus on accessing and analyzing additional sources where 
this information may be available.

4.3. DMT cost and regional availability

Regional differences in the availability and pricing of DMTs may 
contribute to variations in uptake patterns. DMT pricing varies 
between countries and regions. For example, one study found 
that drug prices for US Medicaid were 2–4 times higher than the 
price for the same DMT in Canada, Australia, or the United 
Kingdom (UK) [e.g. glatiramer acetate was $47,253 US Dollars 
(USD) per year in the US Medicaid system, while $14,779USD in 
Canada, $13,107USD in Australia, and $11,124USD in the UK] 
[122]. In 2017, 4 weekly doses of rituximab cost $8,346USD in 
the US, while only $2,290USD in the UK or $2,076USD in South 
Africa [125]. Given the differences in healthcare systems and 
drug coverage between these regions, it is unclear how these 
cost differences affect actual uptake. Future research should 
examine DMT costs on an international scale to assess if and 
how cost variations impact the region-specific uptake patterns 
observed in the current review.
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Over 85% of studies within this review were from Europe, 
North America, or Middle East, with very limited published infor-
mation found about prescribing practices or DMT use in coun-
tries within regions like Asia and Africa. More information on 
DMT use in these areas is needed to better understand global 
barriers to DMT, particularly as several low-to-middle income 
countries are represented in these regions and these countries 
may face unique obstacles compared to high-income countries. 
For instance, the 2021 Atlas of MS international survey found that 
70% of MS experts in low-income countries reported no DMT 
with regulatory approval was available for PwMS, compared to 
14% in all countries surveyed [27]. Further, where one quarter of 
countries worldwide reported issues with use of high-efficacy 
licensed DMTs, this increased to 50% in low-middle income 
countries and 100% in low-income countries [27]. Further studies 
in these regions are needed to better understand their current 
DMT use and unique obstacles in access.

4.4. DMT trends in POMS

Given the above issues with DMT access, it is important to under-
stand how these barriers might impact the care of pediatric 
patients. This review found that only about 2/3 of POMS patients 
reported in the included studies had ever used or were currently 
on a DMT. This is likely an overestimate as the current review only 
included studies which had >10 patients on DMTs and papers 
with no or fewer patients on DMTs were excluded. This statistic is 
concerning as prior research has well-established that early treat-
ment with DMT therapy is crucial to minimizing the long-term 
sequalae of MS [7,9,11,14,126]. Of those treated with DMTs, the 
majority were managed on moderate-efficacy therapies, with 
interferons being the most commonly used DMT. Much prior 
research has shown that higher-efficacy DMTs – particularly if 
used early – are associated with reduced rate of disability wor-
sening, greater time to first relapse, less MRI progression, and 
overall improved disease prognosis in POMS 
[7,9,11,12,15,16,18,21,24,59,72,100]. Our current review identified 
changes in practice over time, with a notable increase in the use 
of higher-efficacy DMT therapy in recent years (post-2015). 
However, even recent studies indicate that the majority of first- 
line treatments remain moderate-efficacy therapies. As high- 
efficacy DMTs become more widely prescribed, access to these 
therapies may increasingly be hindered by rising cost disparities. 
Consequently, the shift toward higher-efficacy, often more 
expensive treatments, and more aggressive, early treatment is 
likely to worsen existing access issues, highlighting the need for 
further research and interventions to address these challenges.

Regional differences in access, as discussed above, may con-
tribute to some of the regional variabilities in DMT usage trends 
noted in the current review. For instance, more patients in 
studies from Europe were on high-efficacy DMTs as first-used 
or overall DMT used relative to other areas in the world. In terms 
of the most commonly first-used high-efficacy DMTs, fingolimod 
and rituximab more common in studies from North America 
whereas natalizumab was more common in studies from 
Europe and multiple continents. These trends should be inter-
preted with caution as the current study included studies of 
different types and methodologies (registry-based, population- 
based, administrative based) – therefore making grouping of 

data and statistical comparisons between studies challenging. 
Given this, formal statistical analysis to assess for significant 
relationships or properly address confounders was not applied. 
However, as the current review summarized a sizable number of 
observational studies within the POMS population, these trends 
are interesting to acknowledge as a starting point to better 
understand the international patterns of DMTs use in POMS.

4.5. Study limitations

There are limitations to this study. First, this review included 
studies of different types and methodologies, making data com-
parison between studies challenging. Secondly, where this 
review aimed to assess uptake patterns, often the reason for 
differences in uptake (i.e. specific barriers within that location/ 
article) were not explicitly discussed in the papers. Therefore, it is 
challenging to delineate which barriers are due to drug access 
issues versus other issues, such as patient or provider prefer-
ences. For instance, the current review is not able to assess how 
much variability in practice is due to clinician’s perceived effec-
tiveness or safety of various options. A recent study of disparities 
in DMTs in PwMS found that individuals with less education and 
women were less likely to be on a DMT [127]. The impact of these 
social or demographic factors on DMT prescribing patterns was 
not able to be assessed in the current study. Thirdly, while we 
attempted to identify and avoid duplicate studies by removing 
studies which repeated populations, it is possible that data from 
some patients appeared in more than one article thereby impact-
ing the statistical independence of the results. Fourthly, while we 
excluded studies which reported the DMT to be pharmaceutical- 
funded, in articles which did not report where DMT funding 
came from we cannot fully exclude that DMTs may have had 
external pharmaceutical-company funding. Lastly, the current 
review did not critically appraise for specific bias within studies 
and published reports we reviewed may be subject to publica-
tion and selection bias. Many of the reports, however, were from 
multi-site studies and included multiple DMTs which provides 
some reassurance that practice patterns in particular regions 
were relatively well represented.

5. Conclusion

In summary, this scoping review demonstrated low overall 
uptake of DMTs in POMS and marked variability of DMT uptake 
in different countries and regions. While exact reasons for these 
uptake patterns remain unclear based on the current literature, 
this may provide indirect evidence for both overarching and 
region-specific challenges in achieving standardized access to 
DMTs in POMS. In addition to the common barriers with DMT 
access faced by all PwMS (e.g. cost, coverage, availability), pedia-
tric-specific barriers exist as well often stemming from challenges 
with completing RCTs within POMS given the rarity of the con-
dition [102]. Some potential strategies proposed to advance the 
field given these issues involve a focus on the use of real-world 
effectiveness data [119,121].. The current paper hopes to help 
progress the current knowledge on the management in POMS as 
it is one of the largest reviews to date of observational real-world 
DMT use within the POMS population. While this review was 
a preliminary step in understanding DMT uptake obstacles in 
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POMS, much further research is needed to clarify the overall and 
regional-specific barriers in DMT access to enable appropriate, 
timely, and equitable care for all children and youth with MS.

6. Expert opinion

MS is the same disease in children and adults, albeit with con-
trasting outcomes due to higher levels of disease activity in 
pediatric onset MS (POMS) compared to those with adult-onset 
MS. Many observational studies, some of which were performed 
prior to widespread use and availability of MS DMTs in POMS 
patients, demonstrated greater brain atrophy through time and 
early cognitive decline with a steeper drop-off of cognition in 
their adult years in POMS compared to adults with comparable 
disease duration. Almost all DMTs that are available to adults 
with MS are now being used in pediatric populations. While RCTs 
have been performed in POMS on only 3 MS DMTs, many obser-
vational studies have demonstrated safety and effectiveness of 
most approved MS DMTs. Importantly, these observational stu-
dies have demonstrated that the use of any DMT early on – 
regardless of efficacy profile – associates with better outcomes 
in POMS. These observations highlight the potential for early 
recognition of MS and access to DMT in children to improve 
outcomes in children with MS.

Despite abundant real-world evidence of safety and effective-
ness of DMT in POMS, only 1 MS DMT is approved for use in 
children under 18-years-old with POMS in the US, and 3 have 
received approval by the European Medicines Agency (EMA). 
This has implications for access, use and uptake of MS DMT in 
POMS, as payor support for off-label use of DMT can be challen-
ging, even in high-income countries in which access to these 
therapies for adults with MS is readily available. There is a need 
for regulators to consider real-world effectiveness studies in reg-
ulatory approvals for medications for populations, such as POMS, 
in which completion of large clinical trials is untenable due to 
small numbers.

Use and uptake may relate to region-specific factors beyond 
regulatory limitations. Specifically, little is known about DMT use 
and uptake for POMS around the world. We found that most 
publications documenting MS DMT use come from North 
America and Europe, suggesting at least some access to DMT 
in these regions including high efficacy therapies. However, little 
information from other regions of the world is available, particu-
larly from low- to middle-income countries. These regions may 
experience many barriers to DMT use that start with lack of 
access to early and accurate diagnosis and may be compounded 
by lack of access to therapies due to financial constraints. Given 
the potential of MS DMTs to dramatically change motor and 
cognitive outcomes in POMS, more information on use and 
uptake of therapies in both low-middle income countries and 
high-income countries is needed.

Over the last two decades, revisions to diagnostic criteria for 
MS have allowed for earlier and more accurate diagnosis of MS 
in children. Given the potential for devastating motor and cog-
nitive outcomes if left untreated, with early diagnosis comes the 
responsibility to treat and provide access to therapies for POMS. 
We must develop truly global platforms that document and 
evaluate real-world use and uptake of MS DMT in POMS in 

order to understand the scope of the problem globally and to 
improve the outcomes of children with MS around the world.

Funding

This paper was not funded.

Declaration of interest
H Tremlett, in the last five years, has received research support from 
the Canada Research Chair Program, the National Multiple Sclerosis 
Society, the Canadian Institutes of Health Research, Multiple Sclerosis 
Canada, the Multiple Sclerosis Scientific Research Foundation and the 
EDMUS Foundation (‘Fondation EDMUS contre la sclérose en plaques’). 
In addition, in the last five years, she has had travel expenses or 
registration fees prepaid or reimbursed to present at CME conferences 
or attend meetings (as a member of the International Advisory 
Committee on Clinical Trials in Multiple Sclerosis) from the 
Consortium of MS Centres (2023), the Canadian Neurological 
Sciences Federation (2023), National MS Society (2022, 2023, 2024), 
ECTRIMS/ACTRIMS (2017–2024) and American Academy of Neurology 
(2019). Speaker honoraria are either declined or donated to an MS 
charity or to an unrestricted grant for use by H Tremlett’s research 
group. EA Yeh has received research funding from NMSS, CMSC, CIHR, 
NIH, OIRM, SCN, CBMH Chase an Idea, SickKids Foundation, Rare 
Diseases Foundation, MS Scientific Foundation, McLaughlin Centre, 
Leong Center, Peterson Foundation, Gary Hurvitz Centre for Brain 
and Mental Health. Investigator initiated research funding from 
Biogen. Scientific advisory: Hoffman-LaRoche, Alexion. DSMB: Pipeline 
Therapeutics. Speaker honoraria: Biogen, JHU, Saudi Epilepsy Society, 
NYU, MS-ATL; ACRS, PRIME, CNPS. Co-Editor in Chief, MSARD. 
Governing Council: CANTRAIN. Steering Committee: Rare-Kids CAN. 
The authors have no other relevant affiliations or financial involve-
ment with any organization or entity with a financial interest in or 
financial conflict with the subject matter or materials discussed in the 
manuscript apart from those disclosed.

Reviewer disclosure
Peer reviewers on this manuscript have no relevant financial or other 
relationships to disclose.

Author contributions
L Strasser contributed to conception of work, acquisition, analysis and 
interpretation of data, drafted and revised manuscript. B Cifti and 
J Johnstone contributed to conception of work, acquisition and analy-
sis of data, and critical review of manuscript. J Cunningham contrib-
uted to design of search for the review, acquisition of data, and critical 
review of manuscript. H Tremlett and EA Yeh contributed to the con-
ception and design of the work, interpretation of data, and critical 
review of manuscript. All authors provided final approval for 
publication.

Acknowledgments

We would like to thank Michelle Eisner, Penelope Smyth, Judith Glennie, and 
the Canadian Network of Multiple Sclerosis Clinics group for their input and 
help with the current project. This work has been presented as a poster 
abstract at the SickKids Neuroinflammatory symposium in 2023 and at 
European Committee for Treatment and Research in MS (ECTRIMS) in 2024.

ORCID
Lauren Strasser http://orcid.org/0000-0002-6094-2556
Beyza Ciftci http://orcid.org/0000-0003-0412-6228

10 L. STRASSER ET AL.



Jessie Cunningham http://orcid.org/0000-0002-3453-0515
Helen Tremlett http://orcid.org/0000-0001-5804-2535
E. Ann Yeh http://orcid.org/0000-0002-5393-7417

References

Papers of special note have been highlighted as either of interest (•) 
or of considerable interest (••) to readers.

1. Yan K, Balijepalli C, Desai K, et al. Epidemiology of pediatric multi-
ple sclerosis: a systematic literature review and meta-analysis. Mult 
Scler Relat Disord. 2020;44:102260. doi: 10.1016/j.msard.2020. 
102260

2. Yeh EA, Weinstock-Guttman B, Ramanathan M, et al. Magnetic 
resonance imaging characteristics of children and adults with 
paediatric-onset multiple sclerosis. Brain. 2009;132(12):3392–3400. 
doi: 10.1093/brain/awp278

3. Waubant E, Chabas D, Okuda DT, et al. Difference in disease burden 
and activity in pediatric patients on brain magnetic resonance 
imaging at time of multiple sclerosis onset vs adults. Arch Neurol. 
2009;66(8):967–971. doi: 10.1001/archneurol.2009.135

4. Gorman MP, Healy BC, Polgar-Turcsanyi M, et al. Increased relapse rate 
in pediatric-onset compared with adult-onset multiple sclerosis. Arch 
Neurol. 2009;66(1):54–59. doi: 10.1001/archneurol.2008.505

5. Benson LA, Healy BC, Gorman MP, et al. Elevated relapse rates in 
pediatric compared to adult MS persist for at least 6 years. Mult Scler 
Relat Disord. 2014;3(2):186–193. doi: 10.1016/j.msard.2013.06.004

6. Von Wyl V, Décard BF, Benkert P, et al. Influence of age at disease 
onset on future relapses and disability progression in patients with 
multiple sclerosis on immunomodulatory treatment. Eur J Neurol. 
2020;27(6):1066–1075. doi: 10.1111/ene.14191

7. Baroncini D, Simone M, Iaffaldano P, et al. Risk of persistent dis-
ability in patients with pediatric-onset multiple sclerosis. JAMA 
Neurol. 2021;78(6):726–735. doi: 10.1001/jamaneurol.2021.1008

• To understand the importance of early DMT initiation in POMS.
8. Iaffaldano P, Portaccio E, Lucisano G, et al. Multiple sclerosis pro-

gression and relapse activity in children. JAMA Neurol. 2024;81 
(1):50–58. doi: 10.1001/jamaneurol.2023.4455

• To understand the importance of early DMT initiation in POMS.
9. Harding K, Williams O, Willis M, et al. Clinical outcomes of escala-

tion vs early intensive disease-modifying therapy in patients with 
multiple sclerosis. JAMA Neurol. 2019;76(5):536–541. doi: 10.1001/ 
jamaneurol.2018.4905

10. McKay KA, Hillert J, Manouchehrinia A. Long-term disability pro-
gression of pediatric-onset multiple sclerosis. Neurol. 2019;92(24): 
e2764–e2773. doi: 10.1212/WNL.0000000000007647

11. Brown JWL, Coles A, Horakova D, et al. Association of initial 
disease-modifying therapy with later conversion to secondary pro-
gressive multiple sclerosis. JAMA. 2019;321(2):175–187. doi: 10. 
1001/jama.2018.20588

12. He A, Merkel B, Brown JWL, et al. Timing of high-efficacy therapy 
for multiple sclerosis: a retrospective observational cohort study. 
Lancet Neurol. 2020;19(4):307–316. doi: 10.1016/S1474-4422(20) 
30067-3

13. Moreau A, Kolitsi I, Kremer L, et al. Early use of high efficacy 
therapies in pediatric forms of relapsing-remitting multiple sclero-
sis: a real-life observational study. Mult Scler Relat Disord. 
2023;79:104942. doi: 10.1016/j.msard.2023.104942

14. Jafarpour S, Pinto S, Vu MH, et al. Delayed initiation of disease 
modifying therapy increases relapse frequency and motor disability 
in pediatric onset multiple sclerosis. Mult Scler Relat Disord. 
2024;87:105669. doi: 10.1016/j.msard.2024.105669

15. Benallegue N, Rollot F, Wiertlewski S, et al. Highly effective therapies 
as first-line treatment for pediatric-onset multiple sclerosis. JAMA 
Neurol. 2024;81(3):273–282. doi: 10.1001/jamaneurol.2023.5566

•• Large cohort study from France comparing high-efficacy and 
moderate efficacy DMTs in POMS.

16. Sharmin S, Roos I, Malpas CB, et al. Disease-modifying therapies in 
managing disability worsening in paediatric-onset multiple sclero-
sis: a longitudinal analysis of global and national registries. Lancet 

Child Adolesc Health. 2024;8(5):348–357. doi: 10.1016/S2352- 
4642(24)00047-6

•• Large international cohort study from MSBase comparing 
high-efficacy and moderate efficacy DMTs in POMS.

17. Spelman T, Magyari M, Piehl F, et al. Treatment escalation vs 
immediate initiation of highly effective treatment for patients 
with relapsing-remitting multiple sclerosis: data from 2 different 
national strategies. JAMA Neurol. 2021;78(10):1197–1204. doi: 10. 
1001/jamaneurol.2021.2738

•• Large cohort study from Denmark and Sweden comparing 
high-efficacy and moderate efficacy DMTs in POMS.

18. Malani Shukla N, Casper TC, Ness J, et al. Demographic features and 
clinical course of patients with pediatric-onset multiple sclerosis on 
newer disease-modifying treatments. Pediatr Neurol. 
2023;145:125–131. doi: 10.1016/j.pediatrneurol.2023.04.020

19. Krysko KM, Graves JS, Rensel M, et al. Real-world effectiveness of 
initial disease-modifying therapies in pediatric multiple sclerosis. 
Ann Neurol. 2020;88(1):42–55. doi: 10.1002/ana.25737

20. Huppke B, Reinert M-C, Hummel-Abmeier H, et al. Pretreatment 
neurofilament light chain serum levels, early disease severity, and 
treatment response in pediatric multiple sclerosis. Neurol. 2023;101 
(19):e1873–e1883. doi: 10.1212/WNL.0000000000207791

21. Abdel-Mannan OA, Manchoon C, Rossor T, et al. Use of 
disease-modifying therapies in pediatric relapsing-remitting multi-
ple sclerosis in the United Kingdom. Neurol Neuroimmunol 
Neuroinflammation. 2021;8(4):e1008. doi: 10.1212/NXI. 
0000000000001008

22. Carotenuto A, Di Monaco C, Papetti L, et al. Pediatric-onset multiple 
sclerosis treatment: a multicentre observational study comparing 
natalizumab with fingolimod. J Neurol. 2024;271(10):6773–6781. 
doi: 10.1007/s00415-024-12610-y

23. Baroncini D, Zaffaroni M, Moiola L, et al. Long-term follow-up of 
pediatric MS patients starting treatment with injectable first-line 
agents: a multicentre, Italian, retrospective, observational study. 
Mult Scler J. 2019;25(3):399–407. doi: 10.1177/1352458518754364

24. Spelman T, Simoneau G, Hyde R, et al. Comparative effectiveness of 
natalizumab, fingolimod, and injectable therapies in pediatric-onset 
multiple sclerosis: a registry-based study. Neurol. 2024;102(7): 
e208114. doi: 10.1212/WNL.0000000000208114

25. Baroncini D, Ghezzi A, Guaschino C, et al. Long-term follow-up (up 
to 11 years) of an Italian pediatric MS cohort treated with 
Natalizumab: a multicenter, observational study. Neurol Sci. 
2022;43(11):6415–6423. doi: 10.1007/s10072-022-06211-8

26. Amato MP, Fonderico M, Portaccio E, et al. Disease-modifying drugs can 
reduce disability progression in relapsing multiple sclerosis. Brain. 
2020;143(10):3013–3024. doi: 10.1093/brain/awaa251

27. Multiple sclerosis international federation – atlas of MS – 3rd 
Edition [Internet] https://www.msif.org/wp-content/uploads/2021/ 
05/Atlas-3rd-Edition-clinical-management-report-EN-5-5-21.pdf

•• Online atlas of treatment patterns in MS in different countries 
and regions of the world.

28. Simacek KF, Ko JJ, Moreton D, et al. The impact of 
disease-modifying therapy access barriers on people with multiple 
sclerosis: mixed-methods study. J Med Internet Res. 2018;20(10): 
e11168. doi: 10.2196/11168

29. Chitnis T, Banwell B, Kappos L, et al. Teriflunomide in pediatric 
patients with relapsing multiple sclerosis: open-label extension of 
TERIKIDS. Mult Scler J. 2024;30(7):833–842. doi: 10.1177/ 
13524585241242050

30. Chitnis T, Arnold DL, Banwell B, et al. Trial of fingolimod versus 
interferon beta-1a in pediatric multiple sclerosis. N Engl J Med. 
2018;379(11):1017–1027. doi: 10.1056/NEJMoa1800149

31. Krupp L, Banwell B, Chitnis T, et al. Effect of fingolimod on 
health-related quality of life in paediatric patients with multiple 
sclerosis: results from the phase 3 PARADIG MS study. BMJ Neurol 
Open. 2022;4(1):e000215. doi: 10.1136/bmjno-2021-000215

32. Vermersch P, Scaramozza M, Levin S, et al. Effect of dimethyl fumarate 
vs interferon β-1a in patients with pediatric-onset multiple sclerosis: 
the CONNECT randomized clinical trial. JAMA Netw Open. 2022;5(9): 
e2230439. doi: 10.1001/jamanetworkopen.2022.30439

EXPERT REVIEW OF CLINICAL PHARMACOLOGY 11

https://doi.org/10.1016/j.msard.2020.102260
https://doi.org/10.1016/j.msard.2020.102260
https://doi.org/10.1093/brain/awp278
https://doi.org/10.1001/archneurol.2009.135
https://doi.org/10.1001/archneurol.2008.505
https://doi.org/10.1016/j.msard.2013.06.004
https://doi.org/10.1111/ene.14191
https://doi.org/10.1001/jamaneurol.2021.1008
https://doi.org/10.1001/jamaneurol.2023.4455
https://doi.org/10.1001/jamaneurol.2018.4905
https://doi.org/10.1001/jamaneurol.2018.4905
https://doi.org/10.1212/WNL.0000000000007647
https://doi.org/10.1001/jama.2018.20588
https://doi.org/10.1001/jama.2018.20588
https://doi.org/10.1016/S1474-4422(20)30067-3
https://doi.org/10.1016/S1474-4422(20)30067-3
https://doi.org/10.1016/j.msard.2023.104942
https://doi.org/10.1016/j.msard.2024.105669
https://doi.org/10.1001/jamaneurol.2023.5566
https://doi.org/10.1016/S2352-4642(24)00047-6
https://doi.org/10.1016/S2352-4642(24)00047-6
https://doi.org/10.1001/jamaneurol.2021.2738
https://doi.org/10.1001/jamaneurol.2021.2738
https://doi.org/10.1016/j.pediatrneurol.2023.04.020
https://doi.org/10.1002/ana.25737
https://doi.org/10.1212/WNL.0000000000207791
https://doi.org/10.1212/NXI.0000000000001008
https://doi.org/10.1212/NXI.0000000000001008
https://doi.org/10.1007/s00415-024-12610-y
https://doi.org/10.1177/1352458518754364
https://doi.org/10.1212/WNL.0000000000208114
https://doi.org/10.1007/s10072-022-06211-8
https://doi.org/10.1093/brain/awaa251
https://www.msif.org/wp-content/uploads/2021/05/Atlas-3rd-Edition-clinical-management-report-EN-5-5-21.pdf
https://www.msif.org/wp-content/uploads/2021/05/Atlas-3rd-Edition-clinical-management-report-EN-5-5-21.pdf
https://doi.org/10.2196/11168
https://doi.org/10.1177/13524585241242050
https://doi.org/10.1177/13524585241242050
https://doi.org/10.1056/NEJMoa1800149
https://doi.org/10.1136/bmjno-2021-000215
https://doi.org/10.1001/jamanetworkopen.2022.30439


33. Alroughani R, Huppke P, Mazurkiewicz-Beldzinska M, et al. Delayed- 
release dimethyl fumarate safety and efficacy in pediatric patients 
with relapsing-remitting multiple sclerosis. Front Neurol. 
2021;11:606418. doi: 10.3389/fneur.2020.606418

34. European Medicines Agency. Gilenya (Fingolimod) [Internet]. 2023 
[cited 2024 Oct 25]. Available from: https://www.ema.europa.eu/ 
en/medicines/human/EPAR/gilenya

35. Food and Drug Administration. Gilenya (fingolimod) capsules 
[Internet]. 2019 [cited 2024 Oct 25]. Available from: https://www. 
accessdata.fda.gov/drugsatfda_docs/label/2019/022527s031lbl.pdf

36. Food and Drug Administration. Aubagio (teriflunomide) [Internet]. 
2021 [cited 2024 Oct 25]. Available from: https://www.accessdata. 
fda.gov/drugsatfda_docs/label/2021/202992s013s015lbl.pdf

37. European Medicines Agency. Teriflunomide Accord [Internet]. 
[cited 2024 Oct 25]. Available from: https://www.ema.europa.eu/ 
en/medicines/human/EPAR/teriflunomide-accord

38. European Medicines Agency. Dimethyl fumarate accord [Internet]. 
2024 [cited 2024 Oct 25]. Available from: https://www.ema.europa. 
eu/en/medicines/human/EPAR/dimethyl-fumarate-accord

39. Greenberg B, Kolodny S, Wang M, et al. Utilization and treatment 
patterns of disease-modifying therapy in pediatric patients with 
multiple sclerosis in the United States. Int J MS Care. 2021;23 
(3):101–105. doi: 10.7224/1537-2073.2019-095

40. Strasser L, Ciftci B, Tremlett H, et al. Scoping review of the uptake 
of disease modifying therapies in children and adolescents (under 
18 years of age) with multiple sclerosis in Canada and internation-
ally [internet]. Open science framework (OSF); 2023. Available from: 
https://osf.io/zy6fb/

41. Covidence Systemic Review Software [Internet]. Melbourne, 
Australia: Veritas Health Innovation; Available from: www.covi 
dence.org

42. The Joanna Briggs Institute Levels of Evidence and Grades of 
Recommendation Working Party. JBI Levels of Evidence. 2014 
Accessed 21 03 2025. Available from: https://jbi.global/sites/ 
default/files/2019-05/JBI-Levels-of-evidence_2014_0.pdf

• The Joanna Briggs Institute.
43. Saponaro A-C, Tully T, Maillart E, et al. Treatments of paediatric 

multiple sclerosis: efficacy and tolerance in a longitudinal follow-up 
study. Eur J Paediatr Neurol. 2023;45:22–28. doi: 10.1016/j.ejpn. 
2023.05.001

44. Krysko KM, Graves J, Rensel M, et al. Use of newer disease-modifying 
therapies in pediatric multiple sclerosis in the US. Neurol. 2018;91(19): 
e1778–e1787. doi: 10.1212/WNL.0000000000006471

45. Erdal JL, Kopp TI, Blinkenberg M, et al. Clinical characteristics and 
use of disease modifying therapy in the nationwide Danish cohort 
of paediatric onset multiple sclerosis. Mult Scler Relat Disord. 
2020;37:101431. doi: 10.1016/j.msard.2019.101431

46. Samjoo IA, Worthington E, Drudge C, et al. Efficacy classification of 
modern therapies in multiple sclerosis. J Comp Eff Res. 2021;10 
(6):495–507. doi: 10.2217/cer-2020-0267

47. Alroughani R, Ahmed SF, Behbehani R, et al. The use of natalizu-
mab in pediatric patients with active relapsing multiple sclerosis: 
a prospective study. Pediatr Neurol. 2017;70:56–60. doi: 10.1016/j. 
pediatrneurol.2017.01.017

48. Bibinoğlu Amirov C, Saltık S, Yalçınkaya C, et al. Ocrelizumab in 
pediatric multiple sclerosis. Eur J Paediatr Neurol. 2023;43:1–5. doi:  
10.1016/j.ejpn.2023.01.011

49. Banwell B, Reder AT, Krupp L, et al. Safety and tolerability of 
interferon beta-1b in pediatric multiple sclerosis. Neurol. 2006;66 
(4):472–476. doi: 10.1212/01.wnl.0000198257.52512.1a

50. Bartels F, Nobis K, Cooper G, et al. Childhood multiple sclerosis is 
associated with reduced brain volumes at first clinical presentation 
and brain growth failure. Mult Scler J. 2019;25(7):927–936. doi: 10. 
1177/1352458519829698

51. Belman AL, Krupp LB, Olsen CS, et al. Characteristics of children and 
adolescents with multiple sclerosis. Pediatrics. 2016;138(1): 
e20160120. doi: 10.1542/peds.2016-0120

52. Ben Achour N, Rebai I, Raddadi S, et al. Pediatric multiple sclerosis 
in Tunisia: a retrospective study over 11 years. Biomed Res Int. 
2017;2017:1–8. doi: 10.1155/2017/4354826

53. Bizjak N, Osredkar D, Perković Benedik M, et al. Epidemiological 
and clinical characteristics of multiple sclerosis in paediatric popu-
lation in Slovenia: a descriptive nation-wide study. Mult Scler Relat 
Disord. 2017;18:56–59. doi: 10.1016/j.msard.2017.09.017

54. Boster AL, Endress CF, Hreha SA, et al. Pediatric-onset multiple 
sclerosis in African-American black and European-origin white 
patients. Pediatr Neurol. 2009;40(1):31–33. doi: 10.1016/j.pedia 
trneurol.2008.09.004

55. Breu M, Lechner C, Schneider L, et al. Humoral immune response 
following SARS-CoV-2 mRNA vaccination and infection in 
pediatric-onset multiple sclerosis. Pediatr Neurol. 2023;143:19–25. 
doi: 10.1016/j.pediatrneurol.2023.02.017

56. Breu M, Sandesjö F, Milos R, et al. Rituximab treatment in 
pediatric-onset multiple sclerosis. Eur J Neurol. 2024;31(5):e16228. 
doi: 10.1111/ene.16228

57. Bruijstens AL, Molenaar S, Wong YYM, et al. Gut microbiota analysis 
in pediatric-onset multiple sclerosis compared to pediatric mono-
phasic demyelinating syndromes and pediatric controls. Eur 
J Neurol. 2023;30(11):3507–3515. doi: 10.1111/ene.15594

58. Correia AS, Augusto L, Meireles J, et al. Pediatric multiple sclerosis 
in Portugal: a multicentre study. Acta Médica Port. 2016;29(7–-
8):425–431. doi: 10.20344/amp.6346

59. De Meo E, Bonacchi R, Moiola L, et al. Early predictors of 9-year 
disability in pediatric multiple sclerosis. Ann Neurol. 2021;89 
(5):1011–1022. doi: 10.1002/ana.26052

60. De Meo E, Filippi M, Trojano M, et al. Comparing natural history of 
early and late onset pediatric multiple sclerosis. Ann Neurol. 
2022;91(4):483–495. doi: 10.1002/ana.26322

61. Devlin L, Gombolay G. The neutrophil-to-lymphocyte ratio and the 
monocyte-to-lymphocyte ratio predict expanded disability status 
scale score at one year in pediatric neuromyelitis optica spectrum 
disorder but not in multiple sclerosis. Pediatr Neurol. 
2023;143:84–88. doi: 10.1016/j.pediatrneurol.2023.03.009

62. Fernandes C. Pediatric multiple sclerosis before the PARADIGMS 
study: nine years of experience in a Portuguese tertiary center. 
Sinapse. 2021;21(1):33–39. doi: 10.46531/sinapse/AO/200062/2021

63. Forrester MB, Coleman L, Kornberg AJ. Multiple sclerosis in child-
hood: clinical and radiological features. J Child Neurol. 2009;24 
(1):56–62. doi: 10.1177/0883073808321042

64. Fragomeni MDO, Bichuetti DB, Oliveira EML. Pediatric-onset multi-
ple sclerosis in Brazilian patients: clinical features, treatment 
response and comparison to pediatric neuromyelitis optica spec-
trum disorders. Mult Scler Relat Disord. 2018;25:138–142. doi: 10. 
1016/j.msard.2018.07.036

65. Fragoso YD, Alves-Leon SV, Barreira AA, et al. Fingolimod pre-
scribed for the treatment of multiple sclerosis in patients younger 
than age 18 years. Pediatr Neurol. 2015;53(2):166–168. doi: 10. 
1016/j.pediatrneurol.2015.03.024

66. Frahm N, Peters M, Bätzing J, et al. Treatment patterns in pediatric 
patients with multiple sclerosis in Germany—a nationwide claim-based 
analysis. Ther Adv Neurol Disord. 2021;14:17562864211048336. doi: 10. 
1177/17562864211048336

67. Gärtner J, Brück W, Weddige A, et al. Interferon beta-1b in treatment- 
naïve paediatric patients with relapsing–remitting multiple sclerosis: 
two-year results from the BETAPAEDIC study. Mult Scler J - Exp Transl 
Clin. 2017;3(4):2055217317747623. doi: 10.1177/2055217317747623

68. Ghadiri F, Sahraian MA, Baghbanian SM, et al. Prescription trends of 
disease-modifying treatments for multiple sclerosis in Iran over the 
past 30 years. Mult Scler Relat Disord. 2022;61:103777. doi: 10. 
1016/j.msard.2022.103777

69. Gontika M, Skarlis C, Markoglou N, et al. Natalizumab therapy in 
patients with pediatric-onset multiple sclerosis in Greece: clinical 
and immunological insights of time-long administration and future 
directions—a single-center retrospective observational study. 
Naunyn Schmiedebergs Arch Pharmacol. 2022;395(8):933–943. 
doi: 10.1007/s00210-022-02238-y

70. Hamdy S, Abdel-Naseer M, Shalaby N, et al. Pediatric-onset multiple 
sclerosis in Egypt: a multi-center registry of 186 patients. 
Neuropsychiatr Dis Treat. 2018;14:631–640. doi: 10.2147/NDT. 
S160060

12 L. STRASSER ET AL.

https://doi.org/10.3389/fneur.2020.606418
https://www.ema.europa.eu/en/medicines/human/EPAR/gilenya
https://www.ema.europa.eu/en/medicines/human/EPAR/gilenya
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/022527s031lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/022527s031lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/202992s013s015lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/202992s013s015lbl.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/teriflunomide-accord
https://www.ema.europa.eu/en/medicines/human/EPAR/teriflunomide-accord
https://www.ema.europa.eu/en/medicines/human/EPAR/dimethyl-fumarate-accord
https://www.ema.europa.eu/en/medicines/human/EPAR/dimethyl-fumarate-accord
https://doi.org/10.7224/1537-2073.2019-095
https://osf.io/zy6fb/
http://www.covidence.org
http://www.covidence.org
https://jbi.global/sites/default/files/2019-05/JBI-Levels-of-evidence_2014_0.pdf
https://jbi.global/sites/default/files/2019-05/JBI-Levels-of-evidence_2014_0.pdf
https://doi.org/10.1016/j.ejpn.2023.05.001
https://doi.org/10.1016/j.ejpn.2023.05.001
https://doi.org/10.1212/WNL.0000000000006471
https://doi.org/10.1016/j.msard.2019.101431
https://doi.org/10.2217/cer-2020-0267
https://doi.org/10.1016/j.pediatrneurol.2017.01.017
https://doi.org/10.1016/j.pediatrneurol.2017.01.017
https://doi.org/10.1016/j.ejpn.2023.01.011
https://doi.org/10.1016/j.ejpn.2023.01.011
https://doi.org/10.1212/01.wnl.0000198257.52512.1a
https://doi.org/10.1177/1352458519829698
https://doi.org/10.1177/1352458519829698
https://doi.org/10.1542/peds.2016-0120
https://doi.org/10.1155/2017/4354826
https://doi.org/10.1016/j.msard.2017.09.017
https://doi.org/10.1016/j.pediatrneurol.2008.09.004
https://doi.org/10.1016/j.pediatrneurol.2008.09.004
https://doi.org/10.1016/j.pediatrneurol.2023.02.017
https://doi.org/10.1111/ene.16228
https://doi.org/10.1111/ene.15594
https://doi.org/10.20344/amp.6346
https://doi.org/10.1002/ana.26052
https://doi.org/10.1002/ana.26322
https://doi.org/10.1016/j.pediatrneurol.2023.03.009
https://doi.org/10.46531/sinapse/AO/200062/2021
https://doi.org/10.1177/0883073808321042
https://doi.org/10.1016/j.msard.2018.07.036
https://doi.org/10.1016/j.msard.2018.07.036
https://doi.org/10.1016/j.pediatrneurol.2015.03.024
https://doi.org/10.1016/j.pediatrneurol.2015.03.024
https://doi.org/10.1177/17562864211048336
https://doi.org/10.1177/17562864211048336
https://doi.org/10.1177/2055217317747623
https://doi.org/10.1016/j.msard.2022.103777
https://doi.org/10.1016/j.msard.2022.103777
https://doi.org/10.1007/s00210-022-02238-y
https://doi.org/10.2147/NDT.S160060
https://doi.org/10.2147/NDT.S160060


71. Henderson M, Horton DB, Bhise V, et al. Initiation patterns of 
disease-modifying therapies for multiple sclerosis among US adults 
and children, 2001 through 2020. JAMA Neurol. 2023;80 
(8):860–867. doi: 10.1001/jamaneurol.2023.2125

72. Huppke P, Huppke B, Ellenberger D, et al. Therapy of highly active 
pediatric multiple sclerosis. Mult Scler J. 2019;25(1):72–80. doi: 10. 
1177/1352458517732843

73. Huppke B, Ellenberger D, Hummel H, et al. Association of obesity 
with multiple sclerosis risk and response to first-line disease mod-
ifying drugs in children. JAMA Neurol. 2019;76(10):1157–1165. doi:  
10.1001/jamaneurol.2019.1997

74. Duman İlki C, Gündüz T, Kürtüncü M, et al. Fingolimod therapy for 
pediatric relapsing-remitting multiple sclerosis: a real-life study. 
Turk J Neurol. 2020;26(1):34–38. doi: 10.4274/tnd.2019.77010

75. Ismail FY, Gordon-Lipkin E, Huether K, et al. Pediatric multiple 
sclerosis in the United Arab Emirates: characteristics from 
a multicenter study and global comparison. J Child Neurol. 
2018;33(6):422–427. doi: 10.1177/0883073818759103

76. Ivanova S, Skrobanska R, Kolyovska V, et al. Neutralizing antibodies 
against interferon-beta in Bulgarian adolescent multiple sclerosis 
patients. “Prof. Marin Drinov”: Publishing House of Bulgarian 
Academy of Sciences; 2018 [cited 2024 Oct 25]. Available from: 
http://www.proceedings.bas.bg/DOI/doi2018_9_15.html

77. Johnen A, Elpers C, Riepl E, et al. Early effective treatment may protect 
from cognitive decline in paediatric multiple sclerosis. Eur J Paediatr 
Neurol. 2019;23(6):783–791. doi: 10.1016/j.ejpn.2019.08.007

78. Kilic H, Mavi D, Yalcinkaya BC, et al. Evaluation of inflammatory 
acquired demyelinating syndromes in children: a single-center 
experience. Acta Neurol Belg. 2022;122(6):1485–1491. doi: 10. 
1007/s13760-021-01703-4

79. Kopp TI, Blinkenberg M, Chalmer TA, et al. Predictors of treatment 
outcome in patients with paediatric onset multiple sclerosis. Mult 
Scler J. 2020;26(8):964–975. doi: 10.1177/1352458519846100

80. Kornek B, Aboul-Enein F, Rostasy K, et al. Natalizumab therapy for 
highly active pediatric multiple sclerosis. JAMA Neurol. 2013;70 
(4):469–475. doi: 10.1001/jamaneurol.2013.923

81. Krajnc N, Oražem J, Rener-Primec Z, et al. Multiple sclerosis in 
pediatric patients in Slovenia. Mult Scler Relat Disord. 
2018;20:194–198. doi: 10.1016/j.msard.2018.01.026

82. Krupp LB, Pohl D, Ghezzi A, et al. Subcutaneous interferon β-1a in 
pediatric patients with multiple sclerosis: regional differences in 
clinical features, disease management, and treatment outcomes 
in an international retrospective study. J Neurol Sci. 
2016;363:33–38. doi: 10.1016/j.jns.2016.01.023

83. Makhani N, Schreiner T. Oral dimethyl fumarate in children with 
multiple sclerosis: a dual-center study. Pediatr Neurol. 
2016;57:101–104. doi: 10.1016/j.pediatrneurol.2016.01.010

84. Makhani N, Gorman MP, Branson HM, et al. Cyclophosphamide 
therapy in pediatric multiple sclerosis. Neurol. 2009;72 
(24):2076–2082. doi: 10.1212/WNL.0b013e3181a8164c

85. Margoni M, Rinaldi F, Riccardi A, et al. No evidence of disease 
activity including cognition (NEDA-3 plus) in naïve pediatric multi-
ple sclerosis patients treated with natalizumab. J Neurol. 2020;267 
(1):100–105. doi: 10.1007/s00415-019-09554-z

86. Martins C, Samões R, Silva AM, et al. Pediatric multiple sclerosis— 
Experience of a tertiary care center. Neuropediatrics. 2023;54 
(1):058–063. doi: 10.1055/s-0042-1759843

87. McKay KA, Ernstsson O, Manouchehrinia A, et al. Determinants of quality 
of life in pediatric- and adult-onset multiple sclerosis. Neurology. 
2020;94(9):e932–e941. doi: 10.1212/WNL.0000000000008667

88. Menascu S, Fattal-Valevski A, Vaknin-Dembinsky A, et al. Effect of 
natalizumab treatment on the rate of No evidence of disease activity 
in young adults with multiple sclerosis in relation to pubertal stage. 
J Neurol Sci. 2022;432:120074. doi: 10.1016/j.jns.2021.120074

89. Mikaeloff Y, Caridade G, Tardieu M, et al. Effectiveness of early beta 
interferon on the first attack after confirmed multiple sclerosis: 
a comparative cohort study. Eur J Paediatr Neurol. 2008;12 
(3):205–209. doi: 10.1016/j.ejpn.2007.08.001

90. Oleen-Burkey M, Cyhaniuk A, Swallow E. Retrospective US database 
analysis of persistence with glatiramer acetate vs. available disease- 

modifying therapies for multiple sclerosis: 2001–2010. BMC Neurol. 
2014;14(1):11. doi: 10.1186/1471-2377-14-11

91. Palavra F, Figueiroa S, Correia AS, et al. TyPed study: Natalizumab 
for the treatment of pediatric-onset multiple sclerosis in Portugal. 
Mult Scler Relat Disord. 2021;51:102865. doi: 10.1016/j.msard. 
2021.102865

92. Palavra F, Silva D, Fernandes C, et al. Clinical predictors of NEDA-3 
one year after diagnosis of pediatric multiple sclerosis: an explora-
tory single-center study. Front Neurosci. 2023;17:1259306. doi: 10. 
3389/fnins.2023.1259306

93. Palavra F, Geria L, Jorge A, et al. Neutrophil/Lymphocyte and 
monocyte/lymphocyte indexes as potential predictors of relapse 
at 1 year after diagnosis of pediatric multiple sclerosis: a 
single-center, exploratory and proof-of-concept study. Front 
Neurosci. 2024;17:1305176. doi: 10.3389/fnins.2023.1305176

94. Pohl D, Rostasy K, Gärtner J, et al. Treatment of early onset 
multiple sclerosis with subcutaneous interferon beta-1a. Neurol. 
2005;64(5):888–890. doi: 10.1212/01.WNL.0000153570.33845.6A

95. Reinert M-C, Benkert P, Wuerfel J, et al. Serum neurofilament light 
chain is a useful biomarker in pediatric multiple sclerosis. Neurol 
Neuroimmunol Neuroinflammation. 2020;7(4):e749. doi: 10.1212/ 
NXI.0000000000000749

96. Reynolds MW, Stephen R, Seaman C, et al. Healthcare resource 
utilization following switch or discontinuation in multiple sclerosis 
patients on disease modifying drugs. J Med Econ. 2010;13(1):90–98. 
doi: 10.3111/13696990903579501

97. Salzer J, Lycke J, Wickström R, et al. Rituximab in paediatric onset 
multiple sclerosis: a case series. J Neurol. 2016;263(2):322–326. doi:  
10.1007/s00415-015-7979-x

98. Sandvig I, Barlinn J, Nedregaard B, et al. Multiple sclerosis in 
children and adolescents. An important differential diagnosis of 
acute neurological disease. Eur J Paediatr Neurol. 2015;19 
(2):211–217. doi: 10.1016/j.ejpn.2014.12.004

99. Schwartz CE, Grover SA, Powell VE, et al. Risk factors for non-adherence 
to disease-modifying therapy in pediatric multiple sclerosis. Mult Scler 
J. 2018;24(2):175–185. doi: 10.1177/1352458517695469

100. Sharmin S, Malpas CB, Roos I, et al. Early predictors of disability in 
paediatric multiple sclerosis: evidence from a multi-national 
registry. J Neurol Neurosurg Psychiatry. 2022:jnnp-2022–329713. 
doi: 10.1136/jnnp-2022-329713

101. Skarlis C, Markoglou N, Gontika M, et al. First-line disease modifying 
treatments in pediatric-onset multiple sclerosis in Greece: therapy 
initiation at more advanced age is the main cause of treatment 
failure, in a retrospective observational study, with a cohort from 
a single multiple sclerosis center. Neurol Sci. 2023;44(2):693–701. 
doi: 10.1007/s10072-022-06431-y

102. Luchesa Smith A, Benetou C, Bullock H, et al. Progress in the 
management of paediatric-onset multiple sclerosis. Children. 
2020;7(11):222. doi: 10.3390/children7110222

103. Solmaz I, Acar Ozen P, Parlak S, et al. Newer disease modifying 
treatments in pediatric onset multiple sclerosis: experience from 
a single center. Eur J Paediatr Neurol. 2022;39:110–115. doi: 10. 
1016/j.ejpn.2022.06.013

104. Stark W, Huppke P, Gärtner J. Paediatric multiple sclerosis: the experi-
ence of the German centre for multiple sclerosis in childhood and 
adolescence. J Neurol. 2008;255(S6):119–122. doi: 10.1007/s00415- 
008-6022-x

105. Tenembaum SN, Segura MJ. Interferon beta-1a treatment in child-
hood and juvenile-onset multiple sclerosis. Neurology. 2006;67 
(3):511–513. doi: 10.1212/01.wnl.0000231137.24467.aa

106. Tenembaum SN. Therapy of multiple sclerosis in children and 
adolescents. Clin Neurol Neurosurg. 2010;112(7):633–640. doi: 10. 
1016/j.clineuro.2010.04.015

107. Thannhauser JE, Mah JK, Metz LM. Adherence of adolescents to 
multiple sclerosis disease-modifying therapy. Pediatr Neurol. 
2009;41(2):119–123. doi: 10.1016/j.pediatrneurol.2009.03.004

108. Vališ M, Pavelek Z, Novotný M, et al. Analysis of the group of 
pediatric patients with relapsing-remitting multiple sclerosis: data 
from the Czech national registry. Front Neurol. 2022;13:851426. doi:  
10.3389/fneur.2022.851426

EXPERT REVIEW OF CLINICAL PHARMACOLOGY 13

https://doi.org/10.1001/jamaneurol.2023.2125
https://doi.org/10.1177/1352458517732843
https://doi.org/10.1177/1352458517732843
https://doi.org/10.1001/jamaneurol.2019.1997
https://doi.org/10.1001/jamaneurol.2019.1997
https://doi.org/10.4274/tnd.2019.77010
https://doi.org/10.1177/0883073818759103
http://www.proceedings.bas.bg/DOI/doi2018_9_15.html
https://doi.org/10.1016/j.ejpn.2019.08.007
https://doi.org/10.1007/s13760-021-01703-4
https://doi.org/10.1007/s13760-021-01703-4
https://doi.org/10.1177/1352458519846100
https://doi.org/10.1001/jamaneurol.2013.923
https://doi.org/10.1016/j.msard.2018.01.026
https://doi.org/10.1016/j.jns.2016.01.023
https://doi.org/10.1016/j.pediatrneurol.2016.01.010
https://doi.org/10.1212/WNL.0b013e3181a8164c
https://doi.org/10.1007/s00415-019-09554-z
https://doi.org/10.1055/s-0042-1759843
https://doi.org/10.1212/WNL.0000000000008667
https://doi.org/10.1016/j.jns.2021.120074
https://doi.org/10.1016/j.ejpn.2007.08.001
https://doi.org/10.1186/1471-2377-14-11
https://doi.org/10.1016/j.msard.2021.102865
https://doi.org/10.1016/j.msard.2021.102865
https://doi.org/10.3389/fnins.2023.1259306
https://doi.org/10.3389/fnins.2023.1259306
https://doi.org/10.3389/fnins.2023.1305176
https://doi.org/10.1212/01.WNL.0000153570.33845.6A
https://doi.org/10.1212/NXI.0000000000000749
https://doi.org/10.1212/NXI.0000000000000749
https://doi.org/10.3111/13696990903579501
https://doi.org/10.1007/s00415-015-7979-x
https://doi.org/10.1007/s00415-015-7979-x
https://doi.org/10.1016/j.ejpn.2014.12.004
https://doi.org/10.1177/1352458517695469
https://doi.org/10.1136/jnnp-2022-329713
https://doi.org/10.1007/s10072-022-06431-y
https://doi.org/10.3390/children7110222
https://doi.org/10.1016/j.ejpn.2022.06.013
https://doi.org/10.1016/j.ejpn.2022.06.013
https://doi.org/10.1007/s00415-008-6022-x
https://doi.org/10.1007/s00415-008-6022-x
https://doi.org/10.1212/01.wnl.0000231137.24467.aa
https://doi.org/10.1016/j.clineuro.2010.04.015
https://doi.org/10.1016/j.clineuro.2010.04.015
https://doi.org/10.1016/j.pediatrneurol.2009.03.004
https://doi.org/10.3389/fneur.2022.851426
https://doi.org/10.3389/fneur.2022.851426


109. Venet M, Lepine A, Maarouf A, et al. Control of disease activity with 
large extended-interval dosing of rituximab/ocrelizumab in highly 
active pediatric multiple sclerosis. Mult Scler J. 2024;30(2):261–265. 
doi: 10.1177/13524585231223069

110. Verhelst H, De Waele L, Deconinck N, et al. Multiple sclerosis in 
Belgian children: a multicentre retrospective study. Eur 
J Paediatr Neurol. 2017;21(2):358–366. doi: 10.1016/j.ejpn.2016. 
10.005

111. Vollmer B, Nair KV, Sillau SH, et al. Comparison of fingolimod 
and dimethyl fumarate in the treatment of multiple sclerosis: 
two-year experience. Mult Scler J - Exp Transl Clin. 2017;3 
(3):2055217317725102. doi: 10.1177/2055217317725102

112. Waubant E, Hietpas J, Stewart T, et al. Interferon beta-1a in children 
with multiple sclerosis is well tolerated. Neuropediatrics. 2001;32 
(4):211–213. doi: 10.1055/s-2001-17370

113. Yamamoto E, Ginsberg M, Rensel M, et al. Pediatric-onset multiple 
sclerosis: a single center study. J Child Neurol. 2018;33(1):98–105. 
doi: 10.1177/0883073817739789

114. Yang F, Huang DH, Yang Y, et al. Disease-modifying therapies in 
Chinese children with multiple sclerosis. Turk J Pediatr. 2014;56 
(5):482–486.

115. Yearwood C, Wilbur C. Trends in the epidemiology and treatment 
of pediatric-onset multiple sclerosis in Alberta, Canada. J Child 
Neurol. 2023;38(5):321–328. doi: 10.1177/08830738231176588

116. Yeh EA, Waubant E, Krupp LB, et al. Multiple sclerosis therapies in 
pediatric patients with refractory multiple sclerosis. Arch Neurol. 
2011;68(4):437–444. doi: 10.1001/archneurol.2010.325

117. Yılmaz Ü, Gücüyener K, Yavuz M, et al. Re-examining the character-
istics of pediatric multiple sclerosis in the era of 
antibody-associated demyelinating syndromes. Eur J Paediatr 
Neurol. 2022;41:8–18. doi: 10.1016/j.ejpn.2022.08.006

118. Young B, Waubant E, Lulu S, et al. Puberty onset and pediatric 
multiple sclerosis activity in boys. Mult Scler Relat Disord. 
2019;27:184–187. doi: 10.1016/j.msard.2018.10.014

119. Mavridi A, Bompou ME, Redmond A, et al. Current and emerging 
treatment options in pediatric onset multiple sclerosis. Sclerosis. 
2024;2(2):88–107. doi: 10.3390/sclerosis2020007

120. Greene N, Araujo L, Campos C, et al. The economic and humanistic 
burden of pediatric-onset multiple sclerosis. J Health Econ 
Outcomes Res. 2022:103–114. doi: 10.36469/jheor.2022.37992

121. Waubant E, Banwell B, Wassmer E, et al. Clinical trials of 
disease-modifying agents in pediatric MS: opportunities, chal-
lenges, and recommendations from the IPMSSG. Neurol. 2019;92 
(22):e2538–e2549. doi: 10.1212/WNL.0000000000007572

122. Hartung DM, Bourdette DN, Ahmed SM, et al. The cost of 
multiple sclerosis drugs in the US and the pharmaceutical 
industry: too big to fail? Neurol. 2015;84(21):2185–2192. doi:  
10.1212/WNL.0000000000001608

123. Hartung DM, Johnston KA, Irwin A, et al. Trends in coverage for 
disease-modifying therapies for multiple sclerosis in medicare part D. 
Health Aff (Millwood). 2019;38(2):303–312. doi: 10.1377/hlthaff.2018. 
05357

124. Hartung DM. Health economics of disease-modifying therapy for 
multiple sclerosis in the United States. Ther Adv Neurol Disord. 
2021;14:1756286420987031. doi: 10.1177/1756286420987031

125. Goldstein DA, Clark J, Tu Y, et al. A global comparison of the cost of 
patented cancer drugs in relation to global differences in wealth. 
Oncotarget. 2017;8(42):71548–71555. doi: 10.18632/oncotarget.17742

126. Kopp TI, Blinkenberg M, Petersen T, et al. Long term effect of 
delayed treatment on disability in patients with paediatric 
onset multiple sclerosis: a prospective Danish cohort study. 
Mult Scler Relat Disord. 2020;40:101956. doi: 10.1016/j.msard. 
2020.101956

127. Leavitt VM, Dworkin JD, Galioto R, et al. Disparities in DMT treatment: 
demographic and neurocognitive differences between MS patients 
currently treated versus not treated with disease-modifying therapies. 
Mult Scler Relat Disord. 2024;85:105508. doi: 10.1016/j.msard.2024. 
105508

14 L. STRASSER ET AL.

https://doi.org/10.1177/13524585231223069
https://doi.org/10.1016/j.ejpn.2016.10.005
https://doi.org/10.1016/j.ejpn.2016.10.005
https://doi.org/10.1177/2055217317725102
https://doi.org/10.1055/s-2001-17370
https://doi.org/10.1177/0883073817739789
https://doi.org/10.1177/08830738231176588
https://doi.org/10.1001/archneurol.2010.325
https://doi.org/10.1016/j.ejpn.2022.08.006
https://doi.org/10.1016/j.msard.2018.10.014
https://doi.org/10.3390/sclerosis2020007
https://doi.org/10.36469/jheor.2022.37992
https://doi.org/10.1212/WNL.0000000000007572
https://doi.org/10.1212/WNL.0000000000001608
https://doi.org/10.1212/WNL.0000000000001608
https://doi.org/10.1377/hlthaff.2018.05357
https://doi.org/10.1377/hlthaff.2018.05357
https://doi.org/10.1177/1756286420987031
https://doi.org/10.18632/oncotarget.17742
https://doi.org/10.1016/j.msard.2020.101956
https://doi.org/10.1016/j.msard.2020.101956
https://doi.org/10.1016/j.msard.2024.105508
https://doi.org/10.1016/j.msard.2024.105508

	Abstract
	1.  Introduction
	2.  Methods
	3.  Results
	3.1.  Funding of DMTs
	3.2.  DMT prescribing patterns
	3.3.  Geographic differences in DMT use
	3.4.  Evidence for effectiveness levels

	4.  Discussion
	4.1.  Formal government approval
	4.2.  DMT coverage and insurance concerns
	4.3.  DMT cost and regional availability
	4.4.  DMT trends in POMS
	4.5.  Study limitations

	5.  Conclusion
	6.  Expert opinion
	Funding
	Declaration of interest
	Reviewer disclosure
	Author contributions
	Acknowledgments
	References

