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Abstract
Objective
To characterize the use and safety of newer disease-modifying therapies (DMTs) in children
with multiple sclerosis (MS) and clinically isolated syndrome (CIS) treated under 18 years of
age.

Methods
This is a cohort study including children with MS or CIS followed at 12 outpatient practices
participating in the US Network of Pediatric MS Centers. DMT use, including duration, dose,
and side effects, was analyzed. Newer DMTs were defined as agents receiving Food and Drug
Administration approval or with increased use in adult MS after 2005.

Results
As of July 2017, 1,019 pediatric patients with MS (n = 748) or CIS (n = 271) were enrolled
(65% female, mean onset 13.0 ± 3.9 years, mean follow-up 3.5 ± 3.1 years, median 1.6 visits per
year). Of these, 78% (n = 587) with MS and 11% (n = 31) with CIS received DMT before 18
years of age. This consisted of at least one newer DMT in 42%, including dimethyl fumarate
(n = 102), natalizumab (n = 101), rituximab (n = 57), fingolimod (n = 37), daclizumab (n = 5),
and teriflunomide (n = 3). Among 17%, the initial DMT prescribed was a newer agent (36
dimethyl fumarate, 30 natalizumab, 22 rituximab, 14 fingolimod, 2 teriflunomide). Over the last
10 years, the use of newer agents has increased, particularly in those ≥12 years and to lesser
extent in those <12 years. The short-term side effect profiles of newer DMTs did not differ from
those reported in adults.

Conclusion
Newer DMTs are often used in pediatric MS, and have similar short-term safety, tolerability,
and side effect profiles as in adults. These findings may help inform pediatric MS management.
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About 3%–5% of individuals with multiple sclerosis (MS)
develop symptoms before 18 years of age.1,2 Treatment of
pediatric MS is challenging given higher relapse rates3,4 and
higher accumulation of newMRI lesions compared to adults,5

as well as the lack of safety and efficacy data for disease-
modifying therapies (DMTs) in children.

Conventionally, first-line treatments for pediatric MS include
interferon-β6–12 and glatiramer acetate,13,14 supported by ob-
servational data and commonly implemented in clinical practice,
especially in locations where treatment algorithms dictate
medication availability such as in the European Union. How-
ever, these may be poorly tolerated and often fail to control the
disease, requiring escalation to more potent agents.15–17 There
are limited case series data regarding the effectiveness and safety
of newer DMTs in children, including natalizumab,18–22

rituximab,23,24 dimethyl fumarate,25 fingolimod,26 and daclizu-
mab.27 Although one randomized trial was recently completed28

and several other trials are ongoing for some of the newer
DMTs in pediatricMS, large observational studies are critical for
characterizing the real-world use of these therapies and poten-
tially provide longer follow-up relative to clinical trials.

We aimed to characterize the patterns of use of newer DMTs
in children with MS and clinically isolated syndrome (CIS)
treated under 18 years of age in a large US pediatric MS
cohort, as well as explore the safety and tolerability profiles of
newer DMTs in children.

Methods
Study design
This is a multicenter observational cohort study involving 12
regional pediatric MS referral centers from across the United
States participating in the US Network of Pediatric MS
Centers.29 The sites include Boston Children’s Hospital,
Cleveland Clinic, Loma Linda University, Massachusetts
General Hospital, Mayo Clinic, New York University Lan-
goneMedical Center, State University of New York at Buffalo,
Texas Children’s Hospital, University of Alabama at Bir-
mingham, University of California San Francisco, University
of Colorado, and Washington University in Saint Louis.

There was prospective collection of clinical data in an online
curated database including treatment information using
standardized case report forms from May 2011 through July
2017. Clinical information prior to 2011 was retrospectively
entered from medical records. The data are stored and
managed with quality control at the Data Coordinating and
Analysis Center at the University of Utah.

Study population
Patients were identified from the USNetwork of Pediatric MS
Centers database who had a diagnosis of MS or CIS prior to
18 years of age at their most recent visit date.30 Patients who
entered a clinical trial with a DMT were excluded.

Measurements
The patient’s age at DMT start, year the DMTwas prescribed,
duration of use, dose, and reasons for discontinuation were
derived. DMTs included therapies Food and Drug Adminis-
tration (FDA)–approved in adult MS as well as rituximab,
which although not FDA-approved in MS is supported by
a phase 2 study31 and is used commonly in adult MS. Based on
clinical assessments, up to 3 adverse events were recorded for
each DMT each time a patient received a given therapy. Side
effects collected in the database include amenorrhea, anxiety,
arrhythmia, cardiomyopathy, cataracts, depression, flu-like
symptoms, gastrointestinal symptoms (nausea, vomiting, ab-
dominal pain), hair loss, headache, hematuria, hyperglycemia,
hypertension, hypotension, infections (increased or severe),
injection site reactions (necrosis, cellulitis, lipoatrophy), liver
dysfunction, osteopenia, rash, renal dysfunction, thyroid
dysfunction, and weight gain, with the option of specifying
“other” or “unknown.”Number of side effects per 100 person-
years of exposure were calculated for each DMT of interest.
Number and proportion of patients who discontinued
each DMT were also derived. Reasons for discontinuation
collected in the database include ineffectiveness, side effects,
financial considerations, and personal choice, with the option
of specifying other or unknown. In those who discontinued
DMT, the occurrence of a relapse or new/enlarging T2 or
gadolinium-enhancing lesion during up to 6 months prior to
treatment discontinuation were also evaluated, as well as
the presence of JC virus (JCV) antibodies in those on
natalizumab.

Newer DMTs were defined as agents receiving FDA approval
or with increased use in adult MS after 2005. DMTs classified
as newer include dimethyl fumarate, fingolimod, teriflunomide,
natalizumab, rituximab, alemtuzumab, and daclizumab. DMTs
were also classified as injectable (glatiramer acetate, β-inter-
ferons), oral (dimethyl fumarate, fingolimod, teriflunomide),
or IV (natalizumab, rituximab, alemtuzumab).

Baseline characteristics collected to assess predictors of ever
using a newer DMT before 18 years included age at MS onset,
sex, diagnosis, year of disease onset, severity of the first re-
lapse, number of relapses in the first 2 years of disease, Ex-
panded Disability Status Scale (EDSS) score at first visit, and
type of insurance at baseline.

Glossary
CI = confidence interval; CIS = clinically isolated syndrome; DMT = disease-modifying therapy; EDSS = Expanded Disability
Status Scale; FDA = Food and Drug Administration; JCV = JC virus; MS = multiple sclerosis; OR = odds ratio.
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Statistical analysis
This is a descriptive study examining patterns of newer DMT
use and side effects. Mean, SD, median, and interquartile range
were reported as appropriate. Characteristics of those starting
first-line on a newer DMT compared to an injectable DMT
were compared using χ2 test for categorical variables and Wil-
coxon rank sum test for numerical variables. χ2 analyses were
used to examine patterns of DMT use over the last 10 years.

Multivariable logistic regression was used to assess pre-
specified predictors of ever using a newer DMT before 18
years in those treated with at least one DMT before 18 years
with complete data. These included clinically relevant po-
tential predictors including age at MS onset, sex, diagnosis
(MS vs CIS), year of disease onset (≤2005, 2006–2009,
2010–2013, 2014–2017), severity of the first relapse (mild,
moderate, or severe), number of relapses in the first 2 years of
disease, EDSS score at first event, and type of insurance at
baseline (private insurance, government insurance, other).
Overall significance of categorical variables was calculated
with likelihood ratio tests, and a test for linear trend was used
to evaluate for a linear trend in the year of disease onset. We
also assessed the effect of study site. All tests were 2-sided with
α of 0.05. Analyses were performed using STATA 15.

Standard protocol approvals, registrations,
and patient consents
The ethics committees of participating institutions approved
this study. Parents and participants signed consent forms and
assent forms, when required by each center’s institutional
review board, prior to enrollment.

Data availability
Data are available to qualified investigators on request for the
purposes of replicating procedures or results by contacting the
corresponding author.

Results
Patient characteristics
As of July 2017, our database included 1,019 patients with
pediatric-onset MS (n = 748) or CIS (n = 271). Overall,
60.7% (618) received DMT before 18 years, with 78.5% with
MS and 11.4% with CIS receiving DMT before 18 years. Our
cohort included a broad distribution of onset age, with mean
onset age 13.0 ± 3.9 years, with mean follow-up 3.5 ± 3.1
years. Patients were seen a median of 1.6 times per year
(table 1).

Patterns of DMT use
Of those who received DMT before 18 years (n = 618), at
least one newer DMT was used before 18 years in 41.9%, and
16.8% received a newer DMT as first-line therapy before 18
years (table 2). Before 18 years, 102 received dimethyl fu-
marate, 101 natalizumab, 57 rituximab, 37 fingolimod, 5
daclizumab, and 3 teriflunomide. First-line treatment with
newer DMTs before 18 years included 36 dimethyl fumarate,
30 natalizumab, 22 rituximab, 14 fingolimod, and 2 teri-
flunomide. Of the 483 whose first-line treatment was an in-
jectable therapy, 147 (30.4%) switched to a newer therapy
before 18 years. Those started on first-line newer DMT
compared to injectable DMT were older (p = 0.005) and had
higher EDSS at the first visit (p = 0.028), but had fewer events
in the first 2 years of disease (p = 0.001), likely as a result of
the DMT (table 3).

There were 315 patients with MS/CIS onset before 12 years
of age. Of the 179 with MS onset before 12 years, 56.4% had
received a DMT before 12 years and 82.1% before 18 years.
Of the 136 with CIS onset before 12 years, 5.9% had received
DMT before 12 years and 6.6% before 18 years. Of the 109
children who received DMT before 12 years, 24 (22%) re-
ceived treatment with a newer DMT before 12 years,

Table 1 Patient characteristics

Characteristic All patients (n = 1,019)
Received DMT before
18 years (n = 618)

Did not receive DMT
before 18 years (n = 401)

Age at onset, y, mean (SD) 13.0 (3.9) 13.4 (3.5) 12.3 (4.5)

Female sex, n (%) 663 (65) 407 (65.9) 256 (63.8)

Follow-up duration, y, mean (SD) 3.5 (3.1) 4.3 (3.2) 2.2 (2.6)

No. of visits per year, median (IQR) 1.6 (0.8–2.8) 1.5 (0.7–2.4) 1.9 (0.9–3.6)

Diagnosis at last follow-up, n (%)

MS 748 (73.4) 587 (95.0) 161 (40.1)

CIS 271 (26.6) 31 (5.0) 240 (59.9)

No. of events first 2 years, mean (SD) 0.74 (1.2) 1.1 (1.3) 0.3 (0.8)

First visit EDSS, median (IQR) 1.5 (1.0–2.5) 1.5 (1.0–2.0) 1.5 (1.0–2.5)

Abbreviations: CIS = clinically isolated syndrome; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; IQR = interquartile range; MS =
multiple sclerosis.
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including 11 natalizumab, 8 dimethyl fumarate, 6 rituximab,
and 2 fingolimod.

As shown in the figure, there was increasing use of both oral
and IV newer agents in the last several years in both those
younger than 12 and 12 years or older, and these newer agents

were increasingly used as first-line agents in addition to overall
(p < 0.001 for both overall and first-line for all ages combined
and those 12 years and older; p = 0.016 for overall use in those
younger than 12 years and p = 0.017 for first-line use in those
younger than 12 years). In 2008–2009, 100% were started on
an injectable first-line, while in 2016–2017, only 48% of those
≥12 years and 70% of those <12 years started an injectable
first-line (figure).

Side effects of newer DMTs
Short-term side effects of newer DMTs were not different than
reported in adults in pivotal trials,31–34 with no new side effects
identified (table 4). The longest patient exposure time available
was for dimethyl fumarate (156.8 person-years), followed by
natalizumab (139.9 person-years), with shorter exposure time
for other newer DMTs. Overall, the most side effects were seen
with dimethyl fumarate, which most commonly included gas-
trointestinal side effects and rash. It should be noted that
flushing is not an option in the side effect field, so it is possible
some documented rashes may represent flushing. Most com-
mon side effects with natalizumab included headache and
gastrointestinal symptoms. Side effects most commonly
reported on rituximab included rash and hypotension. During
fingolimod exposure, there was 1 case of arrhythmia. There was
1 case of liver dysfunction during IV daclizumab exposure.

Details of newer therapy use
We describe the use of newer DMTs in table 5. The most
common dose of natalizumab was 300 mg IV, with a mean
treatment duration of 1.4 (SD 1.3) years. Of those who started
natalizumab, 8% were positive for the JCV antibody before
starting therapy, while 22% who were initially negative for
JCV seroconverted during natalizumab treatment.

Table 2 Newer disease-modifying therapies (DMTs) used
before 18 years of age in those who received at
least one DMT before 18 years

DMT use Patients

Received any DMT before 18 years, n (%) 618 (60.7)a

Received newerb DMT before 18 years, n (%) 259 (41.9)

Newer DMT first-line, n (%) 104 (16.8)

DMT, n Ever First-line

Dimethyl fumarate 102 36

Natalizumab 101 30

Rituximab 57 22

Fingolimod 37 14

Daclizumab 5 0

Teriflunomide 3 2

Alemtuzumab 0 0

a Six hundred eighteen received any DMT before 18 years, and these indi-
viduals represent the denominator for further percentages.
b Newer DMTs include dimethyl fumarate, natalizumab, rituximab, fingoli-
mod, daclizumab, teriflunomide, and alemtuzumab.

Table 3 Characteristics of patients by first-line newer disease-modifying therapy (DMT) vs injectable DMT

Characteristic First-line newer DMT (n = 104) First-line injectable DMT (n = 483) p Value

Age at onset, y, mean (SD) 14.2 (3.0) 13.3 (3.5) 0.005a,d

Female sex, n (%) 65 (62.5) 317 (65.6) 0.54b

Diagnosis at last follow-up, n (%) 0.22b

MS 101 (97.1) 477 (98.8)

CIS 3 (2.9) 6 (1.2)

No. of events first 2 years, mean (SD) 0.8 (1.1) 1.2 (1.4) 0.001a,d

First event severity,c n (%) 0.96b

Mild 34 (33.7) 113 (35.1)

Moderate 52 (51.5) 164 (50.9)

Severe 15 (14.9) 45 (14.0)

First visit EDSS, median (IQR) 1.5 (1.0–2.5) 1.5 (1.0–2.0) 0.028a,d

Abbreviations: CIS = clinically isolated syndrome; EDSS = Expanded Disability Status Scale; IQR = interquartile range; MS = multiple sclerosis.
a Characteristics were compared by first-line DMT of newer vs injectable using Wilcoxon rank sum test for numerical variables.
b Characteristics were compared by first-line DMT of newer vs injectable using χ2 test for categorical variables.
c Data on first event severity is only available for n = 423.
d P values were statistically significant at α = 0.05.
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Dimethyl fumarate was used for a mean of 1.5 (SD 1.1) years,
most commonly at the standard dose of 240 mg BID, but
occasionally at 120 mg BID. Rituximab was used mainly at
doses from 500 to 1,000 mg IV, with a mean treatment du-
ration of 1.6 (SD 1.6) years. Fingolimod was always used at
0.5 mg PO, with a mean treatment duration of 1.5 (SD 1.3)
years. Daclizumab was used as an escalation therapy only and
was given IV as done in a prior study in pediatric MS before
being approved and subsequently withdrawn as a sub-
cutaneous injection in adults,27 with a mean duration of 2.1
(SD 1.3) years of treatment. Teriflunomide 14 mg was used
for a mean duration of 0.7 (SD 0.8) years.

The mean age at start of newer DMTs ranged from 14.7 years
for rituximab to 16.6 years for daclizumab. Natalizumab, di-
methyl fumarate, rituximab, and fingolimod were used under
12 years of age, while daclizumab and teriflunomide were only
used at older ages.

A relatively high proportion of patients discontinued newer
DMTs, ranging from 27% discontinuing fingolimod to 100%

discontinuing daclizumab. Reasons for discontinuation when
available are displayed in table 5.

There were 2 pregnancies recorded in individuals under 18
years during treatment with newer DMTs. One occurred on
fingolimod with the pregnancy outcome unknown. One
pregnancy occurred on dimethyl fumarate and resulted in an
induced abortion. Both patients discontinued DMT about
1 month after pregnancy began. Further details of these
pregnancies are unavailable.

Predictors of newer DMT use
We employed a multivariable logistic regression model to as-
sess which factors were independently associated with whether
individuals received a newer DMT before 18 years among
those treated with DMT under 18 years with complete data (n
= 422) (table 6). Those with MS had higher odds of receiving
a newer DMT before 18 years than those with CIS (odds ratio
[OR] 3.8 [95% confidence interval (CI) 1.3–11.3], p = 0.017).
Those who had more recent disease onset had higher odds of
receiving a newer DMT before 18 years compared to more

Figure Patterns of disease-modifying therapy (DMT) use including first and overall DMT use by treatment initiation age

DMT use over the last 10 years, separated into categories of injectable, oral, and IV therapies in those treated less than 12 years and 12 years or older. (A) First
DMTprescribed. (B) Overall newprescription starts for DMTs. Proportions are displayed per drug started. χ2 testing showed therewas a relationship between
year of treatment and proportion on each category of DMT both overall and as first-line in the entire cohort and for those 12 years and older at treatment
initiation (p < 0.001). There was also a relationship between year of treatment and proportion on each category of DMT overall (p = 0.016) and first-line (p =
0.017) in those treated at less than 12 years of age.

e1782 Neurology | Volume 91, Number 19 | November 6, 2018 Neurology.org/N

Copyright ª 2018 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


remote onset (OR 2.9 [95% CI 1.0–8.5] for 2014–2017
compared to 2005 and earlier, p = 0.0001 overall; test for linear
trend p = 0.016). For every increase in number of relapses in
the first 2 years of disease by 1, there was 1.3 times the odds of
receiving a newer DMT before 18 years (OR 1.3 [95% CI
1.1–1.6], p = 0.004). Other variables that are listed in Methods
were not statistically significant predictors of receiving a newer
DMT before 18 years, and the overall model was statistically
significant (p < 0.001) but only explained 7.9% of the variability
in whether one received a newer DMT before 18 years. When
age at onset was dichotomized to <12 vs ≥12 years, results did
not differ and age at onset was not a statistically significant
predictor of use of a newer DMT before 18 years. When we
added study site to the logistic regression model, this was
a significant predictor of newer DMT use before 18 years of
age, and additional variability of 8.4% was explained.

Discussion
In this large prospective cohort of pediatric MS/CIS, there is
increasing adoption of newer medications despite limited in-
formation on safety and efficacy in the pediatric age range. In
those treated under 18 years of age, newer DMTs were started
first-line in almost 20% and were used in over 40% of patients
during follow-up. Those started on newer DMTs first-line were
more likely to be older and with higher baseline disability than
those started on injectable agents first-line, while those started
on newer DMT had lower relapse rate in the first 2 years of
disease, likely as a result of newer therapy. As expected, a di-
agnosis of MS rather than CIS, more recent disease onset, and
higher number of relapses in the first 2 years were associated
with use of a newer DMT before 18 years. The most commonly
used newerDMTs included dimethyl fumarate and natalizumab.

Over the last 10 years, both oral and IV newer DMTs were
started more frequently over time, including as first-line ther-
apy. There was a stronger trend for adopting newer medi-
cations in adolescents than young children (younger than 12
years), suggesting there is more concern about the use of newer
DMTs in the youngest with pediatricMS. In those 12 years and
older, fewer than half started initial treatment with an injectable
in 2016–2017, with similar proportions starting oral and IV
DMTs first-line. It is unknown whether this is driven by patient
or physician preference. Only 8.4% of the variability in the use
of newer DMT before 18 years was explained by study site.

This cohort importantly includes 109 young children withMS
treated with DMT before 12 years, since those under 10 years
are excluded from pediatric trials and those under 12 are
underrepresented. Those with CIS onset before 12 years were
uncommonly treated compared to those diagnosed with MS,
which may be due to diagnostic uncertainty. In our cohort, 24
children withMS received newer DMTs before 12 years. Only
3% on natalizumab and 5% on dimethyl fumarate received
lower than adult doses, typically in these younger children.

Table 4 Proportion with side effects documented with
newer disease-modifying therapies (DMTs)
started at younger than 18 years

DMT (exposure time)
Side effect

Number with
side effect (%)a

No. of side effects
per 100 person-yearsb

Dimethyl fumarate
(156.8 person-years)

58/102 (56.9) 37.0

Nausea/vomiting/
abdominal pain

28 17.9

Rash 3 1.9

Headache 1 0.6

Flu-like symptoms 1 0.6

Depression 1 0.6

Other 38 24.2

Natalizumab
(139.9 person-years)

22/101 (21.8) 15.7

Headache 6 4.3

Nausea/vomiting/
abdominal pain

4 2.9

Rash 2 1.4

Flu-like symptoms 2 1.4

Arrhythmia 1 0.7

Other 11 7.9

Rituximab
(89.5 person-years)

15/57 (26.3) 16.8

Rash 3 3.4

Hypotension 2 2.2

Headache 1 1.1

Anxiety 1 1.1

Nausea/vomiting/
abdominal pain

1 1.1

Hair loss 1 1.1

Other 10 11.2

Fingolimod
(55.7 person-years)

4/37 (10.8) 7.2

Arrhythmia 1 1.8

Anxiety 1 1.8

Other 3 5.4

Daclizumab
(10.4 person-years)

1/5 (20) 9.6

Liver dysfunction 1 9.6

Teriflunomide
(2.1 person-years)

0/3 (0) 0

a Each participant could have more than one side effect documented.
b Total number of side effects per 100 person-years for each DMT, as well as
the number with each side effect per 100 person-years of treatment.
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There were no new side effect concerns identified compared
to those observed in adults. Rates of side effects are con-
sistent with those observed in adult studies, with lower rates
in our cohort compared to randomized studies in adults,
likely due to the observational design.31–34 There were no
cases of progressive multifocal leukoencephalopathy,

although the duration of treatment and follow-up is rela-
tively short.

A relatively high proportion of individuals discontinued certain
newer DMTs including natalizumab, rituximab, teriflunomide,
and daclizumab. Reasons included ongoing clinical or

Table 5 Features of newer disease-modifying therapy (DMT) use before 18 years

DMT Dosea
Duration of use,
y, mean (SD)

Age at start, y,
mean (SD), minimum

Treated at less
than 12 years,
n (%)

Discontinuation
proportion and
reasons, n (%)a

Dimethyl fumarate (n = 102) 120 mg PO (5%) 1.5 (1.1) 15.8 (2.0), 9.5 8 (7.8) 28b (27.5)

240 mg PO (95%) 11 Ineffective (39)

7 Side effects (25)

2 Personal choice (7)

8 Other/unknownc (29)

Natalizumab (n = 101) <300 mg IV (3%) 1.4 (1.3) 15.1 (2.2), 6.9 11 (10.9) 41d (40.6)

300 mg IV (97%) 10 Side effects (24)

9 Ineffective (22)

2 Financial reasons (5)

2 Personal choice (5)

18 Other/unknown (44)

Rituximab (n = 57) <500 mg IV (11%) 1.6 (1.6) 14.7 (2.9), 4.9 6 (10.5) 28e (49.1)

500–900 mg IV (19%) 3 Side effects (11)

1,000 mg IV (70%) 1 Ineffective (4)

24 Other/unknown (85)

Fingolimod (n = 37) 0.5 mg PO (100%) 1.5 (1.3) 15.8 (2.4), 5.2 2 (5.4) 10f (27.0)

4 Ineffective (40)

2 Personal choice (20)

2 Side effects (20)

2 Other/unknownc (20)

Daclizumab (n = 5) 1 mg/kg IV (60%) 2.1 (1.3) 16.6 (0.5), 15.7 0 (0) 5g (100)

85–95 mg IV (40%) 1 Side effects (20)

4 Other/unknown (80)

Teriflunomide (n = 3) 14 mg PO (100%) 0.7 (0.8) 15.4 (0.9), 14.7 0 (0) 2h (66.7)

2 Other/unknown (100)

a Last documented dose and reason for discontinuation.
b Dimethyl fumarate: 7 had a relapsewithin 6months of discontinuation (6 recorded as ineffective, 1 side effects) and 15 had new/enlarging T2 or gadolinium-
enhancing lesions within 6 months of discontinuation (9 recorded as ineffective, 3 side effects, 3 other/unknown).
c One dimethyl fumarate and one fingolimod discontinuation classified as “other/unknown” occurred 1 month after pregnancy, suggesting the reason for
discontinuation was due to pregnancy.
d Natalizumab: 7 had a relapse within 6 months of discontinuation (6 recorded as ineffective, 1 other/unknown) and 6 had new/enlarging T2 or gadolinium-
enhancing lesions within 6months of discontinuation (3 recorded as ineffective, 3 other/unknown). Fivewere positive for JC virus antibodywithin 6months of
discontinuation (4 recorded other/unknown, 1 side effects).
e Rituximab: 2 had a relapse within 6 months of discontinuation (1 recorded ineffective, 1 other/unknown) and 8 had new/enlarging T2 or gadolinium-
enhancing lesions within 6 months of discontinuation (6 recorded as other/unknown, 2 side effects).
f Fingolimod: 3 had a relapse within 6 months of discontinuation (1 recorded as ineffective, 1 side effects, 1 other/unknown) and 3 had new/enlarging T2 or
gadolinium-enhancing lesions within 6 months of discontinuation (3 recorded as ineffective).
g Daclizumab: 2 had new/enlarging T2 or gadolinium-enhancing lesions within 6 months of discontinuation (2 recorded as other/unknown).
h Teriflunomide: 1 had a relapse and new/enlarging T2 lesions within 6 months of discontinuation (recorded as other/unknown).
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radiologic disease activity as well as side effects and potentially
JCV antibody positivity for natalizumab. There were many
cases with an unclear reason for discontinuation, although
a portion of these cases had recent evidence of disease activity.

The need for treatment escalation in refractory and highly
active cases of pediatric MS has been described previously.15,16

We found that 30% of those started initially on injectable
therapy switched to a newer agent before 18 years of age in our
cohort. There are several observational studies demonstrating
the effectiveness of natalizumab in pediatric MS, mainly in
those who failed an injectable therapy,16,18–22 while there
are more limited and small retrospective studies of other
newer agents including rituximab,23,24 dimethyl fumarate,25

fingolimod,16,26 and daclizumab,27 with no studies of teri-
flunomide. The first randomized trial of DMT in pediatric MS
demonstrated superiority of fingolimod over intramuscular
interferon-β-1a.28 Randomized trials of other newer DMTs are

ongoing, including of dimethyl fumarate (ClinicalTrials.gov:
NCT02283853) and teriflunomide (ClinicalTrials.gov:
NCT02201108). As results become available, it is likely that
patterns of DMT use in children will evolve. Taken together,
our data along with findings from clinical trials are reassuring
regarding the safety of these agents in the pediatric age group,
although longer follow-up is required.

Limitations of this study include the potential for un-
derestimation of side effects due to a limited number of
specific side effects captured in the database. We also do not
capture laboratory safety monitoring or reliable vaccination
status in the database. Despite this, the distribution of side
effects observed in our large number of children treated with
newer DMTs is informative. We also lack long-term safety
data for newer DMTs due to the limited time these agents
have been available. Reasons for discontinuation of newer
DMTs were not available in many cases, and thus reasons for
the relatively high proportion discontinuing newer DMTs is
not available. Finally, information regarding lesion load on
MRI at baseline and severity of relapses other than the first
event were not available to assess as predictors of newer DMT
use given that these are not available in the database. Despite
these limitations, our findings are generalizable to a broad
range of patients with pediatric MS/CIS in the United States
given that centers across diverse geographic areas of the
United States are included, involving more than one provider
at some sites, and many individuals with pediatric MS are seen
in tertiary centers. Our findings may differ from locations such
as Canada and the European Union, as access to certain newer
DMTs may be more limited due to treatment algorithms
required by public drug coverage programs. Practice prefer-
ences may also vary by providers in different countries.

Our findings documenting the use, short-term safety, tolera-
bility, and side effects of newer DMTs in this cohort are
informative for clinical management of patients with pediatric
MS/CIS. Strengths of our study include multicenter data
from across the United States captured in the largest available
database of pediatric MS/CIS with prospective data collection
and quality control. We also examine a diverse range of DMTs
over the last 10 years, allowing for a complete overview of the
increasing use of newer oral and IV DMTs over time in pe-
diatric MS/CIS.

Development of shared treatment strategies across multiple
centers may allow systematic evaluation of the risks and
benefits of newer DMTs in children in a real-word setting.
However, this would likely be challenging to implement given
differing practice styles and medication coverage by country
and insurer.

Observational studies have an important role in providing
real-world data and guiding clinical practice, although ran-
domized clinical trials provide gold standard evidence for
dosing, efficacy, and safety. Follow-up is ongoing to evaluate
the individual effectiveness of the commonly used newer

Table 6 Multivariable logistic regressionmodel of factors
associated with the use of a newer disease-
modifying therapy (DMT) before 18 years among
those treated with DMT under 18 years

Characteristic OR (95% CI) p Value

Age at onset
(per 1-year increase)

1.01 (0.94–1.08) 0.842

Sex (reference group male) 0.81 (0.52–1.25) 0.334

Diagnosis of MS
(reference group CIS)

3.79 (1.27–11.31)a 0.017a

Disease onset year 0.0001a

2005 or earlier 1 (reference)

2006–2009 0.67 (0.22–2.06) 0.485

2010–2013 1.78 (0.61–5.15) 0.291

2014–2017 2.85 (0.96–8.45) 0.058

First event severity 0.917

Mild 1 (reference)

Moderate 1.04 (0.66–1.64) 0.870

Severe 1.15 (0.60–2.20) 0.678

No. of events in first 2 years
(per 1 event increase)

1.31 (1.09–1.57)a 0.004a

EDSS at first visit
(per 1 unit increase)

1.15 (1.00–1.34) 0.056

Primary insurance type 0.540

Private 1 (reference)

Government 1.26 (0.81–1.96) 0.305

Other/unknown 0.95 (0.46–1.95) 0.882

Abbreviations: CI = confidence interval; CIS = clinically isolated syndrome;
EDSS = Expanded Disability Status Scale; MS = multiple sclerosis; OR = odds
ratio.
a P values and ORs were statistically significant at α = 0.05.
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DMTs on relapse rate in this observational cohort. This will
complement clinical trial data with real-world experience us-
ing newer DMTs in children. Additional study of long-term
side effects and safety of these agents in children during de-
velopment are needed and will be possible as longer follow-up
becomes available.
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10. Pohl D, Rostasy K, Gärtner J, Hanefeld F. Treatment of early onset multiple sclerosis
with subcutaneous interferon beta-1a. Neurology 2005;64:888–890.

11. Mikaeloff Y, Caridade G, Tardieu M, Suissa S; KIDSEP study group of the French
Neuropediatric Society. Effectiveness of early beta interferon on the first attack after
confirmed multiple sclerosis: a comparative cohort study. Eur J Paediatr Neurol 2008;
12:205–209.

e1786 Neurology | Volume 91, Number 19 | November 6, 2018 Neurology.org/N

Copyright ª 2018 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://n.neurology.org/lookup/doi/10.1212/WNL.0000000000006471
http://neurology.org/n


12. Pakdaman H, Fallah A, Sahraian MA, Pakdaman R, Meysamie A. Treatment of early
onset multiple sclerosis with suboptimal dose of interferon beta-1a. Neuropediatrics
2006;37:257–260.

13. Kornek B, Bernert G, Balassy C, Geldner J, Prayer D, Feucht M. Glatiramer acetate
treatment in patients with childhood and juvenile onset multiple sclerosis. Neuro-
pediatrics 2003;34:120–126.

14. Ghezzi A, Amato MP, Annovazzi P, et al. Long-term results of immunomodulatory
treatment in children and adolescents with multiple sclerosis: the Italian experience.
Neurol Sci 2009;30:193–199.

15. Yeh EA, Waubant E, Krupp LB, et al. Multiple sclerosis therapies in pediatric patients
with refractory multiple sclerosis. Arch Neurol 2011;68:437–444.

16. Huppke P, Huppke B, Ellenberger D, et al. Therapy of highly active pediatric multiple
sclerosis. Mult Scler Epub 2017 Sep 1.

17. 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 Epub 2018 Jan 1.
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