Pediatric multiple sclerosis
Conventional first-line treatment and general management
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ABSTRACT

Many disease-modifying therapies are currently available for adults with relapsing-remitting
multiple sclerosis (MS) but none of them has been tested in pediatric MS in randomized
placebo-controlled trials. At present, as suggested by observational studies and experts’ guidelines, interferon-b and glatiramer acetate continue to be the standard first-line treatments for
pediatric MS. Observational studies and some controlled unblinded trials have shown a positive
effect of these meditations in reducing relapse rate and delaying disease progression, with an
acceptable safety profile. The goal of this article is to provide an overview of current knowledge
with regard to safety, tolerability, and efficacy of first-line treatment options for MS in the
pediatric age group, with the aim of providing guidance for planning first-line treatment of
MS in children and adolescents. Neurology® 2016;87 (Suppl 2):S97–S102
GLOSSARY
DMT 5 disease-modifying therapies; GA 5 glatiramer acetate; IFN-b 5 interferon-b; MS 5 multiple sclerosis; NAb 5 neutralizing antibodies; RRMS 5 relapsing-remitting multiple sclerosis.

Many disease-modifying therapies (DMT) are currently available for adults with relapsing-remitting
multiple sclerosis (RRMS), including interferon-b (IFN-b) 1a/1b, glatiramer acetate (GA), teriflunomide, dimethyl fumarate, natalizumab, fingolimod, and alemtuzumab. Their effectiveness has
been demonstrated by phase 3 studies and by observational postmarketing studies for some.1–5
IFN-b, GA, and teriflunomide have also been tested in patients with clinically isolated syndrome
(CIS), and have been found to reduce the risk of a subsequent attack.6–10 Results are disappointing in
the treatment of secondary progressive multiple sclerosis (MS) as only IFN-b was shown to reduce
the progression if administered to patients with a residual inflammatory component.11,12
No medication currently approved for adults with RRMS has completed testing for pediatric
MS in randomized placebo-controlled trials, although several pediatric MS trials have recently
been launched. Use of DMT in pediatric MS remains off-label in many countries, especially
in patients younger than 12 years; nevertheless, these medications are widely used.
The high frequency of relapses in pediatric MS, especially in the first years, with a relapse rate
higher than that of adults, and the pattern of MRI lesions, with more pronounced inflammatory
aspects, support the use of DMT in the pediatric population as they mainly target the inflammatory component.1,3
Recent volumetric MRI data have demonstrated that pediatric patients with MS have
a smaller overall brain volume than would be expected for age,13 in spite of the purported higher
capability to compensate for brain damage,14 suggesting that demyelinating lesions can also
affect overall brain growth and development. It is also important to note that cognitive dysfunction occurs in about 1/3 of children and adolescents with MS. These findings additionally
support the view that pediatric MS is not a benign disorder, again reinforcing the need to treat
these patients early.
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In comparison to adult MS patients, time
between MS onset and accumulation of disability is longer in patients with pediatric
MS, suggesting that children with MS have
a higher capability to compensate for inflammatory brain damage despite high relapse
rates. Conversely, the time to progress from
mild to severe disability (about 10 years) is
similar in children and adults,15 suggesting
that this interval is relatively fixed, not agedependent, and mainly driven by neurodegeneration. However, given their younger age at
onset, pediatric patients with MS reach both
mild and severe disability at a younger age.
Taken together, these data indicate that it is
appropriate to intervene early to prevent disease progression. The adult-onset MS experience suggests that DMTs are more effective if
administered early in relapsing MS.4,5
CURRENT VIEWS OF FIRST-LINE TREATMENT IN
PEDIATRIC MS The efficacy and safety of IFN-b

and GA in pediatric MS has been assessed by several
phase 4 observational studies whereas comparable
information is not currently available on the use of
teriflunomide, dimethyl fumarate, and fingolimod.
Pediatric trials with these agents are ongoing and their
use in children with MS should generally occur in the
context of controlled clinical trials, or considered with
extreme caution in selected cases, until data on their
effectiveness, tolerability, and safety are available.
Two position papers1,3 have reported data on the
use of IFN-b and GA in pediatric patients: results are
summarized in table 1.15–25 Data from observational
studies are available in about 600 patients treated
with IFN-b: 7 studies included .20 patients; 6 have
a follow-up of 2 years or more.
Two studies have compared pediatric patients
with MS treated with IFN-b with a control
group.24,26 In one unblinded study, 16 patients were
randomized to intramuscular IFN-b-1a, half of adult
dose, once a week or to no treatment. After 4 years,
relapse rates (p 5 0.04), disability progression (p 5
0.01), and new T2 lesions (p 5 0.006) were lower in
treated vs untreated patients.26 In another study, controls were extracted from a database: after a mean
follow-up of 5.5 years, patients treated with IFN-b
demonstrated significantly reduced occurrence of relapses, especially in the first 2 years of exposure, and
a decrease in development of severe disability,
although not statistically significant24 (table 1).
Most studies have demonstrated a favorable effect
of IFN-b on pediatric MS evolution, with a decline of
relapse rate during the treatment phase, compared to
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Neurology 87 (Suppl 2)

the pretreatment period. The level of disability remained unchanged at the last observation in the
majority of studies. There are no data suggesting that
one drug is better than another, so the final choice is
made by the treating physician after consideration of
side effects, route, and frequency of administration
with the patient and parents.
With the obvious limitations of the observational
design of these studies, the general conclusion is that
IFN-b is effective in the majority of patients, though
about 30% of pediatric patients do not respond as
expected, requiring more aggressive treatments27 (see
“Pediatric multiple sclerosis: Escalation and emerging
treatments,” p. S103).
Data on adverse events have not been collected in
a standardized fashion, and the definition of an adverse
event differs across published studies, as well as the accuracy of detection. Flu-like symptoms have been reported
in 8%–85% of children treated with interferon, myalgia
in 5%–23%, headache in 8%–20%, gastrointestinal
symptoms in 7%–10%, injection site reaction in
7%–75%, elevation of liver enzymes in 0%–38%,
blood cell abnormalities in 2%–39%, and thyroid
dysfunction in 1%–10%. Other rare adverse events
have been reported in single cases (no more than
2 cases) and comprise menstrual disorders, depression, psychological disturbances, suicide attempt,
arthritis, cartilage disorders, autoimmune disorders,
serious infections, and malignancy.
There is limited information on the effect of
IFN-b on body development. Data have been provided on 16 cases from a cohort of 52 pediatric patients with MS exposed to IFN-b treatment for
a mean time of 43 months28: in 10 girls who reached
a mean age of 21.2 6 5.0 years and in 6 boys who
reached a mean age of 15.0 6 2.5 years, weight and
height resulted within the 10th–90th percentile of the
normal population. Based on available data of scientific literature, there is no sign of a possible negative
effect of IFN-b on body development.
A recent phase 4 multicenter study including 307
patients treated with IFN-b-1a 22/44 mg 3 times
weekly confirmed the favorable safety profile of
IFN-b as well as the reduction of release rate during
the treatment phase.22 Rare adverse events (less than
2%) noted in this study included allergic reactions in
5 patients (1.6%), epilepsy and convulsive disorders
in 5 (1.6%), thyroid dysfunction in 3 (1.0%), and
autoimmune disorders, bone/cartilage disorders, and
serious infections in 2 patients, respectively (0.7%).
One child required omentectomy, classified under
malignancy in Medical Dictionary for Regulatory
Activities Query, and considered not related to
IFN-b treatment by the treating physician.
Two studies evaluated the effect of GA in a small
number of patients (21 cases): the clinical outcome
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Table 1

Demographic and clinical findings of studiesa evaluating the results of interferon-b (IFN-b) and glatiramer acetate in pediatric
patients with multiple sclerosis
Waubant
et al.16

Mikaeloff
et al.17

Ghezzi
et al.21

Pohl
et al.19

Tenembaum
and Segura20

Ghezzi
et al.21

Tenembaum
et al.22

Banwell
et al.23

Mikaeloff
et al.24

Kornek
et al.25

Ghezzi
et al.21

Drug

a

a1b1c

a

b

b

b1c

b

b

a1b1c

d

d

No. of cases

9

13

77

51

24

39

307

43

24

7

14

Age at treatment
onset, y

12.7

15.5

13.4

14.6

12.7

14.1

14.3

13

15.4

16.6

14.0

12

54

22

44

60

24

29

66

24

75

Treatment duration, mo 17
Adverse events, %
Flu-like

44

85

25

65

58

8

25

33

—

—

—

Myalgia

22

23

9

14

17

5

5

—

—

—

—

Headache

—

19.5

—

—

8

8

—

—

—

—

Gastrointestinal
symptoms

—

—

—

10

—

7

—

—

—

—

—

15

6.5

71

75

18

28

21

—

57

14

Injection site reaction 11
Elevation of liver
enzymes

—

7

5

35

33

0

38

19

—

—

—

Blood cell
abnormalities

—

—

1.5

39

8

3

4.6

—

—

—

—

Thyroid dysfunction

—

—

10

—

—

1

—

—

—

—

14

7

—

7

Dyspnea, systemic
reaction

—

Fatigue/asthenia

6.5

7

2

Results
2.5/0.4

1.9/0.8 1.7/0.04

3.2/0.9

—

—

2.9/0.3

Stable

Stable

Stable

Stable

—

Stable

Stable

25

26

—

—

—

28%
Relapsefree

—

RR (pre/after)
EDSS
Treatment failure/
discontinuation, %

44

Stable

64

Other endpoints

25

RR reduced Less attacks,
by 50%
less disability

Abbreviations: a 5 IFN-b-1a 30 mg IM weekly; b 5 IFN-b-1a 22 or 44 mg SC 3 times weekly; c 5 IFN-b-1b 250 mg every other day; d 5 Copaxone 20 mg IM
daily; EDSS 5 Expanded Disability Status Scale; RR 5 relapse rate.
a
Limited to the last follow-up for studies with different time point observations.

was favorable in both studies, and no major adverse
events have been recorded. However, acute hepatotoxicity confirmed by hepatic biopsy in an adolescent treated
with GA has recently been reported.29 Of note, this girl
had been treated before with IFN-b-1a 44 mg and had
developed elevation of liver enzymes, resulting in IFNb-1a discontinuation and a switch to GA. Nevertheless,
the exact causative mechanism of this adverse event
remains to be elucidated.

Based on the results from a recently published
study by Tenembaum et al.,22 the label of IFNb-1a 22 or 44 mg has been modified in the European
Union as follows: “The results of this study suggest
that the safety profile in children (2–11 years old) and
in adolescents (12–17 years old) receiving Rebif 22 or
44 mg subcutaneous 3 times per week is similar to
that seen in adults. The safety and efficacy of Rebif in
children below 2 years of age have not yet been established. Rebif should not be used in this age group.”

RESULTS IN YOUNG CHILDREN VS ADOLESCENTS

Some studies have included children under the age
of 10 years or 12 years, analyzing those subgroups
separately: the clinical outcome was not different
compared to patients with a higher age as well as
the occurrence of adverse events; the only exception
was increased rate of elevation of liver enzymes in
the younger group of patients with MS in one
study23 (table 2).

DMT IN CLINICAL PRACTICE In recent years, 2 position papers have been published on the use of DMTs
in the pediatric MS population.1,3 The European document suggested early use of DMTs to prevent relapses, accumulation of disability, and accumulation of
brain damage, recommending careful clinical and
MRI follow-up.3 Similarly, the International Pediatric
Multiple Sclerosis Study Group consensus statement
Neurology 87 (Suppl 2) August 30, 2016
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Table 2

Adverse events in children compared to adolescents or to the whole cohort of patients with multiple sclerosis
Ghezzi et al.21

Tenembaum and Segura20

Ghezzi et al.21

Tenembaum et al.22

Banwell et al.23

Drug

a

b

b

b

c

Age, y

,12

Whole cohort

,10

.10

,12

Whole cohort

,12

.12

,10

.10

No. of cases

9

77

8

16

5

39

52

255

8

35

11

25

75

50

—

8

26.9

23.9

25

37

Adverse events
Flu-like
Myalgia

—

9

25

12.5

—

5

—

—

—

—

Headache

—

19.5

—

—

20

8

—

—

—

—

Gastrointestinal symptoms

—

—

—

—

—

7

—

—

—

—

Injection site reaction

11

6.5

50

87.5

20

18

21.2

29.0

25

20

Elevation of liver enzymes

11

5

37.5

31.2

—

0

15.4

14.1

—

—

Blood cell abnormalities

22

1.5

0

12.5

—

3

3.8

4.7

—

—

Thyroid dysfunction

—

10

—

—

—

—

1.9

0.8

62.5

22

Dyspnea, systemic reaction

—

—

—

—

—

—

1.9

1.6

—

—

Fatigue/asthenia

11

6.5

—

—

—

7

—

—

—

—

Abbreviations: a 5 IFN-b-1a 30 mg IM weekly; b 5 IFN-b-1a 22 or 44 mg SC 3 times weekly; c 5 IFN-b-1b 250 mg every other day.

recommends the use of first-line therapies as the
standard of care for all pediatric patients with
a diagnosis of MS.1
The general approach is shown in the figure.

Figure

Diagram shows the main steps in the treatment of pediatric multiple
sclerosis (MS)

It is suggested to start MS treatment with current first-line medications early. Patients with
adverse events or poor tolerability can be offered to change the first-line therapy, switching
to glatiramer acetate (GA) if previously treated with interferon-b (IFN-b) or vice versa.
Switching to a second-line therapy can be considered for patients who do not adequately
respond to current first-line therapies.
S100
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Pediatric patients with MS should start DMT treatment soon after diagnosis, with regular follow-up:
1. To assess clinical response with regular clinical
evaluations (every 3–6 months, according to
label/regulatory/local guidelines) and brain MRI
every 6–12 months (according to label/regulatory/
local guidelines)
2. To check the tolerability/safety profile (every 3–6
months, according to label/regulatory/local guidelines); periodic assessment of blood cell count,
liver function, and thyroid and kidney function
should be performed
There are no pharmacodynamic/pharmacokinetic
studies of IFN-b and GA in pediatric MS. In general,
it is recommended to initiate IFN-b therapy with
25%–50% of the adult dose. If well-tolerated, it is
recommended to titrate up to full adult dose, especially for children over 12 years of age with a body
weight more than 30 kg.
Adverse events should be appropriately managed:
acetaminophen or ibuprofen before IFN-b injection
or at appearance of flu-like symptoms reduce their
frequency and severity. An educational program for
patients and parents is also an important aspect when
starting a DMT therapy, as they should be carefully
informed on realistic expectations and management
of adverse events, and trained on injection technique.
Patients treated with IFN-b can develop neutralizing antibodies resulting in a reduced biological
activity of this medication and an increased risk of
relapses30,31: according to these recommendations,
testing for the presence of neutralizing antibodies
(NAbs), if available, should be performed in patients
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at 12 and 24 months of therapy or if there is evidence
of breakthrough disease activity. Positive titers of
NAbs may be relevant to guide treatment decisions:
if confirmed at repeated measurements with 3- to 6month intervals, IFN-b should be discontinued.
Recent reports have described the occurrence of
thrombotic microangiopathy in adults treated with
IFN-b32 as well as the association between glomerulonephritis and sarcoid-like lung disease with long-term IFNb treatment.33 Patients should be carefully monitored for
safety evaluation and to discover possible rare adverse
events: this issue is particularly important in pediatric
patients, when children are being exposed to medications
during key periods of growth and body development.
DISCUSSION Trials are ongoing evaluating the clinical outcome of pediatric patients with MS treated
with fingolimod, dimethyl fumarate, and teriflunomide. If their effectiveness and safety in this age group
is confirmed, new medications will be available in the
future, with the advantage of oral administration. At
present, IFN-b and GA continue to be the standard
first-line treatments for pediatric patients with MS,
as supported by observational studies and experts’
consensus guidelines.
Clinicians should carefully follow-up children and
adolescents with MS treated with DMT giving appropriate assistance, strengthening the adherence to therapy, managing adverse events properly, and switching
treatment to other options in patients with inadequate or suboptimal response (see “Pediatric multiple
sclerosis: Escalation and emerging treatments,” p. S103).
AUTHOR CONTRIBUTIONS
Angelo Ghezzi designed the study, collected literature sources, analyzed and
interpreted data of these studies, coordinated the group, and drafted and
revised the manuscript. Maria Pia Amato, Teri Schreiner, Jutta Gärtner,
and Naila Makhni helped draft, revise, and edit the manuscript for important intellectual content. Sylvia Tenembaum helped revise and edit the
manuscript for important intellectual content.

STUDY FUNDING
This supplement is made possible by funding from the MS Cure Fund,
Danish MS Society, German MS Society, Italian MS Association, MS
International Federation, MS Research Foundation (Netherlands),
National MS Society (USA) and Swiss MS Society.

DISCLOSURE
A. Ghezzi received honoraria for speaking from Biogen-Idec, Merck-Serono,
Novartis, Genzyme, Teva, and Allergan, and for consultancy from
Merck-Serono, Teva, Novartis, and Biogen-Idec, and received support
for participation in National and International Congresses from Schering,
Biogen-Idec, Merck-Serono, Novartis, Genzyme, and Teva. M. Amato
served on scientific advisory boards for and has received speaker honoraria
and research support from Biogen Idec, Merck Serono, Bayer Schering
Pharma, and Sanofi-aventis and serves on the editorial board of BMC
Neurology. N. Makhani received fellowship funding from the Canadian
Network of MS Clinics and receives research funding from the Dairy
Farmers of Ontario and Race to Erase MS. Dr. Makhani is a site investigator for a clinical trial sponsored by Novartis. T. Shreiner received
consulting fees from Biogen Idec, and participated in clinical research
sponsored by Biogen Idec, Novartis Pharmaceuticals, MSDx, Adamas

Pharmaceuticals, and NIH. J. Gärtner received honoraria and consultancy fees from Bayer Vital, Biogen, Merck Serono, Teva, and Novartis
and has received research grant support from Novartis and Biogen.
S. Tenembaum served as an advisory board member or speaker for Merck
Serono. Professional travel/accommodations expenses have been awarded
to Dr. Tenembaum by Merck-Serono. She serves on a clinical trial
advisory board for Genzyme-Sanofi. Go to Neurology.org for full
disclosures.

Received August 19, 2015. Accepted in final form January 19, 2016.
REFERENCES
1. Chitnis T, Tenembaum S, Banwell B, et al. Consensus
statement: evaluation of new and existing therapeutics
for pediatric multiple sclerosis. Mult Scler 2012;18:
116–127.
2. Goodin DS, Frohman EM, Garmany GP, et al. Disease
modifying therapies in multiple sclerosis: Subcommittee of
the American Academy of Neurology and the MS Council
for Clinical Practice Guidelines. Neurology 2002;58:
169–178.
3. Ghezzi A, Banwell B, Boyko A, et al. The management of
MS in children: a European view. Mult Scler 2010;16:
1258–1267.
4. Trojano M, Pellegrini F, Fuiani A, et al. New natural
history of interferon-beta treated relapsing multiple sclerosis. Ann Neurol 2007;61:300–306.
5. Trojano M, Pellegrini F, Paolicelli D, et al. Real-life
impact of early interferon beta therapy in relapsing multiple sclerosis. Ann Neurol 2009;66:513–520.
6. Kappos L, Polman CH, Freedman MS, et al. Treatment
with interferon beta-1b delays conversion to clinically definite and McDonald MS in patients with clinically isolated
syndromes. Neurology 2006;67:1242–1249.
7. Jacobs LD, Beck RW, Simon JH, et al. Intramuscular
interferon beta-1a therapy initiated during a first demyelinating event in multiple sclerosis. N Engl J Med 2000;
343:898–904.
8. Comi G, Martinelli V, Rodegher M, et al. Effect of glatiramer acetate on conversion to clinically definite multiple
sclerosis in patients with clinically isolated syndrome (PreCISe study): a randomised, double-blind, placebo-controlled trial. Lancet 2009;374:1503–1511.
9. Comi G, De Stefano N, Freedman MS, et al Comparison
of two dosing frequencies of subcutaneous interferon beta
1a in patients with a first clinical demyelinating event
suggestive of multiple sclerosis (REFLEX): a phase 3 randomized controlled trial. Lancet Neurol 2012;10:33–41.
10. Miller AE, Wolinsky JS, Kappos L, et al; TOPIC Study
Group. Oral teriflunomide for patients with a first clinical
episode suggestive of multiple sclerosis (TOPIC): a randomised, double-blind, placebo-controlled, phase 3 trial.
Lancet Neurol 2014;13:977–986.
11. European Study Group on Interferon beta-1b in Secondary
Progressive MS. Placebo-controlled multicentre randomised
trial of interferon beta-1b in treatment of secondary progressive multiple sclerosis. Lancet 1998;352:1491–1497.
12. Panitch H, Miller A, Paty D, Weinshenker B, North
American Study Group on Interferon beta-1b in Secondary Progressive MS. Interferon beta-1b in secondary progressive MS: results from a 3-year controlled study.
Neurology 2004;63:1788–1795.
13. Kerbrat A, Aubert-Broche B, Fonov V, et al Reduced head
brain size age disproportionately smaller thalami childonset MS. Neurology 2012;78:194–201.
Neurology 87 (Suppl 2) August 30, 2016

S101

ª 2016 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

S102

Rocca MA, Absinta M, Ghezzi A, Moiola L, Comi G,
Filippi M. Is a preserved functional reserve a mechanism
limiting clinical impairment in pediatric MS patients?
Hum Brain Mapp 2009;30:2844–2851.
Renoux C, Vukusic S, Mikaeloff Y, et al; Adult Neurology
Departments KIDMUS Study Group. Natural history of
multiple sclerosis with childhood onset. N Engl J Med
2007;365:2603–2613.
Waubant E, Hietpas J, Stewart T, et al. Interferon beta-1a
in children with multiple sclerosis is well tolerated. Neuropediatrics 2001;32:211–213.
Mikaeloff Y, Moreau T, Debouverie M, et al. Interferonbeta treatment in patients with childhood-onset multiple
sclerosis. J Pediatr 2001;139:443–446.
Ghezzi A, Amato MP, Gallo P, et al. Disease modifying
drugs in childhood-juvenile multiple sclerosis: results
of the ITEMS (immunomodulatory treatment of earlyonset MS) study group. Mult Scler 2005;11:420–424.
Pohl D, Rostasy K, Gartner J, Hanefeld F. Treatment of
early onset multiple sclerosis with subcutaneous interferon
beta-1a. Neurology 2005;65:888–890.
Tenembaum SN, Segura MJ. Interferon beta-1a treatment
in childhood and juvenile-onset multiple sclerosis.
Neurology 2006;67:511–513.
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.
Tenembaum S, Banwell B, Pohl D, et al; REPLAY study
group. Subcutaneous interferon beta-1a in pediatric multiple sclerosis: a retrospective study. J Child Neurol 2013;
28:849–856.
Banwell B, Reder AT, Krupp L, et al. Safety and tolerability of interferon beta-1b in pediatric multiple sclerosis.
Neurology 2006;66:472–476.
Mikaeloff Y, Caridde G, Tardieu M, et al. Effectiveness of
early beta interferon on the first attack after confirmed

Neurology 87 (Suppl 2)

25.

26.

27.

28.

29.

30.

31.

32.

33.

multiple sclerosis: a comparative study. Eur J Paediatr
Neurol 2008;12:205–209.
Kornek B, Bernert G, Balassy C, et al. Glatiramer
acetate treatment in patients with childhood and juvenile onset multiple sclerosis. Neuropediatrics 2003;34:
120–126.
Pakdaman H, Fallah A, Sahraian MA, et al. Treatment of
early onset multiple sclerosis with suboptimal dose of
interferon beta-1a. Neuropediatrics 2006;37:257–260.
Yeh EA, Waubant E, Krupp LB, et al. Multiple sclerosis
therapies in pediatric patients with refractory multiple sclerosis. Arch Neurol 2011;68:437–444.
Ghezzi A, Amato MP, Capobianco M, et al; Immunomodulatory Treatment of Early-onset MS (ITEMS)
Group. Treatment of early-onset multiple sclerosis with
intramuscular interferonbeta-1a: long-term results. Neurol
Sci 2007;28:127–132.
Makhani N, Ngan BY, Kamath BM, Yeh EA. Glatiramer
acetate-induced acute hepatotoxicity in an adolescent with
MS. Neurology 2013;81:850–852.
Sørensen PS, Deisenhammer F, Duda P, et al; EFNS Task
Force on Anti-IFN-beta Antibodies in Multiple Sclerosis.
Guidelines on use of anti-IFN-beta antibody measurements in multiple sclerosis: report of an EFNS Task Force
on IFN-beta antibodies in multiple sclerosis. Eur J Neurol
2005;12:817–827.
Polman CH, Bertolotto A, Deisenhammer F, et al. Recommendations for clinical use of data on neutralising antibodies to interferon-beta therapy in multiple sclerosis.
Lancet Neurol 2010;9:740–750.
Hunt D, Kavanagh D, Drummond I, et al. Thrombotic
microangiopathy associated with interferon beta. N Engl J
Med 2014;370:1270–1271.
Capobianco M, Piccoli G, Neve Vigotti F, et al. Interferon
beta-related nephropathy and interstitial lung disease:
a new association and a long-term warning. Mult Scler
Epub 2014 Jan 20.

August 30, 2016

ª 2016 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

