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Abstract
Objective
To review evidence on starting, switching, and stopping disease-modifying therapies (DMTs)
for multiple sclerosis (MS) in clinically isolated syndrome (CIS), relapsing-remitting MS
(RRMS), and progressive MS forms.

Methods
Relevant, peer-reviewed research articles, systematic reviews, and abstracts were identified
(MEDLINE, CENTRAL, EMBASE searched from inception to November 2016). Studies were
rated using the therapeutic classification scheme. Prior publishedCochrane reviews were also used.

Results
Twenty Cochrane reviews and an additional 73 full-text articles were selected for data extraction
through an updated systematic review (completed November 2016). For people with RRMS,
many DMTs are superior to placebo (annualized relapses rates [ARRs], new disease activity
[new MRI T2 lesion burden], and in-study disease progression) (see summary and full text
publications). For people with RRMS who experienced a relapse on interferon-β (IFN-β) or
glatiramer acetate, alemtuzumab is more effective than IFN-β-1a 44 μg subcutaneous 3 times per
week in reducing the ARR. For people with primary progressive MS, ocrelizumab is probably
more effective than placebo (in-study disease progression). DMTs for MS have varying adverse
effects. In people with CIS, glatiramer acetate and IFN-β-1a subcutaneous 3 times per week are
more effective than placebo in decreasing risk of conversion to MS. Cladribine, immunoglob-
ulins, IFN-β-1a 30 μg intramuscular weekly, IFN-β-1b subcutaneous alternate day, and teri-
flunomide are probably more effective than placebo in decreasing risk of conversion to MS.
Suggestions for future research include studies considering comparative effectiveness, usefulness
of high-efficacy treatment vs stepped-care protocols, and research into predictive biomarkers.
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This article summarizes the findings and conclusions of an
American Academy of Neurology (AAN) practice guideline
on the efficacy and safety of disease-modifying therapies
(DMTs) in multiple sclerosis (MS). References e1 through
e49, cited here, are available at links.lww.com/WNL/A374 as
a data supplement to this summary article.

A companion article presents the recommendations and
suggestions for future research.1 The complete practice
guideline (systematic review, recommendations, and sugges-
tions for future research) is available at links.lww.com/WNL/
A429 as a data supplement to the companion recom-
mendations article. This guideline, although not a formal
update to the 2002 AAN guideline on DMTs,2 replaces that
earlier guideline. The complete guideline includes full details
of the methodology used, including risk of bias classification
for each study, confidence in the evidence determinations,
and rationales for recommendation strength; space restric-
tions precluded more detailed description in this article.

MS affects more than 400,000 people in the United States and
more than 2.3 million people worldwide.3 Since 1993, DMTs
have been approved in the United States for treating relapsing
forms of MS; most of these therapies are approved for use in
other countries. Many additional medications have been used
off-label for MS disease modification.

Multiple newDMTs have become available since publication of
the 2002 AAN practice guideline on DMTs in MS.2 Clinicians
and people withMSmay now choose from several medications,
with differing mechanisms of action, risk profiles, and moni-
toring requirements. Before recommending a specific therapy,
the clinician must navigate these complexities while carefully
balancing the potential for therapeutic benefits of a medication
with patient preferences, monitoring recommendations, drug-
and individual-specific risk factors, and concerns regarding the
long-term risk of MS-related disability and morbidity.

The new practice guideline,1 based on the systematic review
summarized here, provides guidance concerning current issues
surrounding DMT for MS prescribing, specifically addressing

the following questions pertinent to clinically isolated syn-
dromes of demyelination (CIS), relapsing-remitting MS
(RRMS), and progressive forms of MS (secondary progressive
MS [SPMS] and primary progressive MS [PPMS]):

1. In people with RRMS, are DMTs superior to placebo or
other DMTs as measured by annualized relapse rates
(ARRs) and the relative risk of relapse at 2 years?

2. In people with RRMS, are DMTs superior to placebo or
other DMTs in reducingMRI-detected new disease activity
as measured by newT2 lesion burden or atrophymeasures?

3. In people with RRMS, are DMTs superior to placebo or
other DMTs in preventing disease progression as
measured by in-study disease progression measures?

4. In people with RRMS who experience disease activity
while on a DMT, is changing to a different DMT superior
to continuing the present DMT in terms of relapse rate and
MRI-detected T2 or gadolinium-enhanced lesion activity?

5. In people with progressive MS, are DMTs superior to
placebo or other DMTs as measured by relapse rate or in-
study disease progression?

6. What are the adverse effects (AEs) of DMTs in people
with MS compared with placebo (AE-related discontin-
uation and serious or life-threatening AEs)?

7. In people with CIS, are DMTs superior to placebo in
decreasing the risk of conversion to MS?

Description of the analytic process
In May 2015, the AAN guideline subcommittee recruited
a multidisciplinary panel to develop the guideline on which
this systematic review is based. The panel consists of 12 AAN
physician and nurse members, 2 representatives from the
Consortium of Multiple Sclerosis Centers, and 3 patient
representatives. Two AAN staff representatives were also
appointed to the panel. Conflicts of interest were reviewed by
the panel leadership; panelists with conflicts did not partici-
pate in systematic review development.

The practice guideline follows the methodologies described in
the 2011 edition of the AAN’s guideline development process
manual, as amended to include an updated classification
scheme for therapeutic studies, a formalized prioritization
process for guideline topic nominations, and a change in the
order of steps for the external (peer) review process.4 Institute
of Medicine standards for systematic review and clinical prac-
tice guideline development were adhered to throughout the

Supplemental Data
Practice Guidelines

NPub.org/77nyxt

Glossary
AAN = American Academy of Neurology; AE = adverse effect; ARR = annualized relapse rate; CIS = clinically isolated
syndromes; DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; HYP = high-yield process; IFN-
β = interferon-β; IM = intramuscular; MS = multiple sclerosis; PPMS = primary progressive multiple sclerosis; RCT =
randomized controlled trial; RRMS = relapsing-remitting multiple sclerosis; SPMS = secondary progressive multiple sclerosis.
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development process, including posting of the protocol and
draft document with recommendations for public review and
active solicitation of patient input.5,6 For the systematic review,
the panel used appropriate Cochrane reviews (assessed by 2
panelists working independently of each other and using A
Measurement Tool to Assess Systematic Reviews quality)7 in
addition to treatment-specific systematic reviews. Two non-
conflicted panelists working independently reviewed abstracts
for article inclusion. From their review, full-text articles were
obtained for data extraction, and risk of bias was established by
2 panelists rating articles independently of each other. Data
extraction was performed by the AAN staff guideline meth-
odologist and confirmed by panel members. The panel con-
sidered data for efficacy outcomes from randomized controlled
trials (RCTs). For harms, the panel considered data from
RCTs, cohort studies, case reports, and case series. Meta-
analyses were performed when appropriate. Before data anal-
ysis, the panel completed an anonymous survey to establish the
minimal clinically meaningful difference for measures of DMT
efficacy and AEs; this information was used in the analytic
portion of the guideline. Conclusions were developed using
a modified Grading of Recommendations, Assessment, De-
velopment and Evaluation process.8

Analysis of evidence
Twenty Cochrane systematic reviews were identified and used in
the evidence review process. These systematic reviews included
data from 70 RCTs, which were included in the panel’s evidence
synthesis. For the update of the Cochrane reviews and de novo
systematic review (completed November 2016), the combined
searches yielded 4,301 abstracts. Each abstract was reviewed for
relevance by at least 2 panel members, who deemed 284 as
relevant. The corresponding articles were obtained for full-text
review by 2 panelists working independently of each other. An
additional 73 articles were identified for data extraction.

All trials included individuals with MS aged 18 years or older.
The maximum age of participants varied across trials but was
usually between 50 and 60 years. Most studies were 2 years in
length (range 6 months–3 years). Trials occurred in multiple
countries worldwide. Twenty-three DMTs were systemati-
cally reviewed: methotrexate, cyclophosphamide, pulsed
corticosteroids for disease modification, interferon-β (IFN-β)
(4 types: IFN-β-1b subcutaneous alternate day, IFN-β-1a
intramuscular [IM] subcutaneous, pegylated IFN sub-
cutaneous every other week, IFN-β-1a subcutaneous 3 times
per week), glatiramer acetate (3 types: proprietary daily
20-mg subcutaneous form, proprietary 3-day-per-week 40-mg
subcutaneous form, generic 20-mg subcutaneous daily form),
natalizumab, azathioprine, teriflunomide, mycophenolate
mofetil, rituximab, ocrelizumab, daclizumab, mitoxantrone,
alemtuzumab, fingolimod, dimethyl fumarate, IV immuno-
globulin for disease modification, and cladribine.

Safety note: After US Food and Drug Administration (FDA)
approval was received, daclizumab (ZINBRYTA) was

voluntarily removed from the market onMarch 2, 2018, by its
manufacturers, Biogen and AbbVie, due to serious adverse
events in relapsing MS.8a

The results of the systematic review support the following
evidence-based conclusions. All recommendations are pro-
vided in the companion publication.1

1. In people with RRMS, are DMTs superior to
placebo or other DMTs as measured by ARRs
and the relative risk of relapse at 2 years?
For this question, figure 1 presents the data regarding ARRs,
and figure 2 presents the data on the relative risk of relapse at 2
years. The table shows the findings and conclusions for both
the ARRs and the relative risk of relapse at 2 years.

2. In people with RRMS, are DMTs superior to
placebo or other DMTs in reducing MRI new
disease activity as measured by new T2 lesion
burden or atrophy measures?

Risk of new or enlarging T2 lesions
The following DMTs are more effective than placebo in re-
ducing the risk of MRI-detected new or enlarging T2 lesions
(high confidence): fingolimod,9,10 IFN-β-1a 44 μg sub-
cutaneous 3 times weekly,11 and natalizumab.12

Ocrelizumab13 is more effective than IFN-β-1a subcutaneous
3 times per week in reducing the risk of new or enlarging T2
lesions detected by MRI (high confidence).

Cladribine14 is probably more effective than placebo in re-
ducing the risk of new or enlarging T2 lesions detected by
MRI (moderate confidence).

The following DMTs are probably more effective than other
DMTs in reducing the risk of MRI-detected new or enlarging
T2 lesions (moderate confidence): alemtuzumab (vs IFN-
β-1a subcutaneous 3 times per week),15 fingolimod (vs IFN-
β-1a IM once weekly),16 IFN-β-1a 44 μg subcutaneous
3 times weekly (vs IFN-β-1a IM once weekly).17

IFN-β-1a subcutaneous 3 times per week is possibly no more
effective than glatiramer acetate in decreasing the risk of MRI-
detected new or enlarging T2 lesions (low confidence).18

There is insufficient evidence to determine the efficacy of
azathioprine comparedwith IFN-β19 in reducing the risk ofMRI-
detected new or enlarging T2 lesions (very low confidence).

Reducing the volume or number of T2 lesions
The following DMTs are more effective than placebo in
reducing the volume or number of MRI-detected T2 lesions
(high confidence): daclizumab high-yield process (HYP),20

dimethyl fumarate,18,21 glatiramer acetate,18 IFN-β-1a
30 μg IM weekly,22 mitoxantrone,23 natalizumab,12 and
pegylated IFN.24 See the safety note on this page.8a
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Rituximab25 and teriflunomide26 are probably more effective
than placebo in reducing the volume or number of MRI-
detected T2 lesions (moderate confidence).

The following DMTs are probably more effective than
other DMTs in reducing the volume or number of MRI-
detected T2 lesions (moderate confidence): alemtuzumab

Figure 1 Outcome: Annualized relapse rate, relapsing-remitting multiple sclerosis

IVIg = IV immunoglobulin; LCL = lower confidence limit; RM = raw mean difference; UCL = upper confidence limit. aVersus interferon-β-1a 44 μg 3 times per
week subcutaneously. bSee safety note on page 791.8a

Figure 2 Outcome: Relative risk of relapse at 2 years, relapsing-remitting multiple sclerosis

IVIg = IV immunoglobulin; LCL = lower confidence limit; RR = risk ratio; UCL = upper confidence limit. aRelative to interferon alone. bOutcome assessed at 18
months. cOutcome assessed at 1 year. dSee safety note on page 791.8a

792 Neurology | Volume 90, Number 17 | April 24, 2018 Neurology.org/N

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

http://neurology.org/n


Table Efficacy of disease-modifying therapies (DMTs) for reducing the annualized relapse rate (ARR) and risk of relapse at
2 years

Confidence
strength

Reduction of the ARR Reduction of risk of relapse at 2 y

Compared with
placebo

Compared with other
DMTs Compared with placebo Compared with other DMTs

High Cladribine14,e34 more
effective

Alemtuzumab more
effective than IFN-β-1a
subcutaneous 3 times per
wk15,29

Daclizumab HYPa more
effective (outcome measured
at 1 y)20

Alemtuzumab15,29 more effective than IFN-
β-1a subcutaneous 3 times per wk

Daclizumab HYPa more
effective20

Azathioprine more
effective than
β-interferons19,e35

Dimethyl fumarate18,21 more
effective

—

Dimethyl fumarate18,21

more effectiveb
Fingolimod more effective
than IFN-β-1a IM once per
wk16

Fingolimod9,10 more effective —

Fingolimod9,10,e36 more
effective

Ocrelizumab more
effective than IFN-β-1a
subcutaneous 3 times per
wk13

Immunoglobulins39,40 more
effective

—

Glatiramer acetate18,34,
e37 more effective

— IFN-β-1a IM once per wk22,32

more effective
—

Natalizumab12 more
effective

— IFN-β-1a subcutaneous 3
times per wk11 more effective

—

Pegylated IFN24 more
effective

— Mitoxantrone23 more
effective

—

Teriflunomide26,e38,e39

more effective
— Natalizumab12 more effective —

— — Pegylated IFN more effective
(outcome measured at 1 y)24

—

Moderate Azathioprine probably
more effectivee40

— Cladribine probably more
effective14

Daclizumab HYPa probably more effective
than IFN-β-1a IM once per wk (outcome
measured at 3 y)27

IFN-β-1a IM once per
wk22 probably more
effective

— Glatiramer acetate probably
more effective18,34,35

IFN-β-1b subcutaneous
alternate daye1 probably
more effective

— IFN-β-1b subcutaneous
alternate day probably more
effectivee1

—

Pulsed corticosteroids
added to IFN-β-1a36,e41

probably more effective

— Pulsed corticosteroids added
to IFN-β-1ae41 probably more
effective

—

— DaclizumabHYP27 IFN-β-1a
once perwk probablymore
effectivea

Rituximab probably more
effective (outcome measured
at 1 y)25

—

— — Teriflunomide26 probably
more effective

—

Low Cyclophosphamidee42

possibly more effective
— — Mycophenolate mofetil plus IFN-β-1a IM

weekly31,e43 possibly no more effective than
IFN plus placebo (outcome measured at 1 y)

— — — Complex nonbiologic generic glatiramer
acetate (Glatopa)e44 possibly no more
effective than glatiramer acetate (Copaxone)

— — — IFN-β-1a IM once weekly37 possibly no more
effective than glatiramer acetate (Copaxone)

— — — IFN-β-1a subcutaneous 3 times weeklye45

possibly no more effective than glatiramer
acetate (Copaxone)

Continued
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(vs IFN-β-1a subcutaneous 3 times per week)15 and dacli-
zumab (vs IFN-β-1a IM once weekly).27 See safety note on
page 791.8a

There is insufficient evidence to determine the efficacy of
mycophenolate mofetil vs IFN-β-1a once weekly for reducing
the volume or number of MRI-detected T2 lesions (very low
confidence).28

There is insufficient evidence to determine the efficacy of pulsed
corticosteroids29 relative to placebo for reducing the volume or
number of MRI-detected T2 lesions (very low confidence).

Reducing loss of parenchymal volume
Ocrelizumab13 is more effective than IFN-β-1a 44 μg sub-
cutaneous 3 times weekly in reducing loss of parenchymal
volume (high confidence).

Alemtuzumab is probably more effective than IFN-β-1a 44 μg
subcutaneous 3 times weekly29 in reducing loss of paren-
chymal volume (moderate confidence).

Pulsed corticosteroids30 are probably more effective than
placebo in reducing loss of parenchymal volume (moderate
confidence).

There is insufficient evidence to determine the efficacy of the
following DMTs relative to placebo in reducing loss of pa-
renchymal volume (very low confidence): IFN-β-1a 30 μg IM
weekly22 andmycophenolate mofetil added to IFN-β-1a 30 μg
IM weekly.31

3. In people with RRMS, are DMTs superior to
placebo or other DMTs in preventing disease
progression as measured by in-study disease
progression measures?
The most consistently reported measure for in-study
disability progression was the proportion of people with
MS with disability progression. Disability progression was
defined by an increase in the Expanded Disability
Status Scale (EDSS) of 1 point in those with a baseline
EDSS score of 5.0 or lower, or an increase of 0.5 point in
those with a baseline EDSS score of 5.5 or higher, sustained
for 3 or 6 months, and detected over a 2-year study period
(figure 3).

The following DMTs are more effective than placebo in re-
ducing the risk of disability progression in people with RRMS
(high confidence): daclizumab HYP,20 dimethyl
fumarate,18,21 fingolimod,9,10 IFN-β-1a 30 μg IM weekly,22,32

IFN-β-1a 44 μg subcutaneous 3 times weekly,11 mitoxan-
trone,23 natalizumab,12 pegylated IFN,24 and
teriflunomide.26,33 See safety note on page 791.8a

The following DMTs are more effective than other DMTs in
reducing the risk of disability progression in people with
RRMS (high confidence): alemtuzumab (vs IFN-β-1a 44 μg
subcutaneous 3 times weekly) 15,29 and ocrelizumab (vs IFN-
β-1a 44 μg subcutaneous 3 times weekly).13

Cladribine14 is probably more effective than placebo in re-
ducing the risk of disability progression in people with RRMS
(moderate confidence).

Table Efficacy of disease-modifying therapies (DMTs) for reducing the annualized relapse rate (ARR) and risk of relapse at
2 years (continued)

Confidence
strength

Reduction of the ARR Reduction of risk of relapse at 2 y

Compared with
placebo

Compared with other
DMTs Compared with placebo Compared with other DMTs

— — — IFN-β-1b subcutaneous alternate daye46,e47

possibly no more effective than glatiramer
acetate (Copaxone)

Very low Azathioprine insufficient
to support or refutee40

— Azathioprine insufficient to
support or refutee40

—

Immunoglobulins
insufficient to support or
refute39,40,e48,e49

— Cyclophosphamide
insufficient to support or
refute (outcome measured at
12 mo)e42

—

Pulsed corticosteroids
insufficient to support or
refute30

— Methotrexate insufficient to
support or refutee2

—

Rituximab insufficient to
support or refute25

— Pulsed corticosteroids
insufficient to support or
refute30

—

Abbreviations: HYP = high-yield process; IFN-β = interferon-β; IM = intramuscular.
a See safety note on page 791.8a
b Glatiramer acetate included as a reference comparator in a dimethyl fumarate study and not powered for study of noninferiority or superiority; required by
regulatory agency.
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Daclizumab is probably more effective than IFN-β-1a 30 μg
IM27 in reducing the risk of disability progression in people with
RRMS (moderate confidence). See safety note on page 791.8a

Pulsed corticosteroids30 are possibly more effective than
placebo in reducing the risk of disability progression in people
with RRMS (low confidence).

The following DMTs are possibly no more effective than
placebo in reducing the risk of disability progression in people
with RRMS (low confidence): glatiramer acetate18,34,35 and
pulsed corticosteroids added to IFN-β-1a IM once weekly.36

Fingolimod is possibly no more effective than IFN-β-1a IM
weekly in reducing the risk of disability progression over
1 year (low confidence).16 See safety note on page 791.8a

IFN-β-1a is possibly no more effective than glatiramer acetate
in reducing the risk of disability progression over 3 years (low
confidence).37

There is insufficient evidence to determine the efficacy of the
following DMTs compared with placebo in reducing the risk
of disability progression in people with RRMS (very low
confidence): azathioprine,38 immunoglobulins,39,40 IFN-β-1b
subcutaneous alternate day,e1 and methotrexate.e2

IFN-β-1b alternate day is probably less effective than glatir-
amer acetate in reducing the risk of disability progression over
2 years (moderate confidence).e1

4. In peoplewith RRMSwho experience disease
activity while on a DMT, is changing to
a different DMT superior to continuing the
present DMT in terms of relapse rate and MRI-
detected T2 or gadolinium-enhanced
lesion activity?
For individuals with RRMS who experienced a relapse on
IFN-β or glatiramer acetate, alemtuzumab is more effective
than IFN-β-1a 44 μg subcutaneous 3 times per week in re-
ducing the ARR, the relapse risk, disability progression, and
risk of new or enlarging T2 lesions over 2 years (high
confidence).15

In individuals with RRMS who experience 1 or more relapses
in the preceding 12 months on IFN-β, adding natalizumab is
more effective than adding placebo in decreasing the risk of
relapse over 2 years, the ARR, the risk of disability progression
over 2 years, and the risk of new or enlarging T2 lesions at
1 year (high confidence).e3

In individuals with RRMS who experienced one or
more relapses in the preceding 12 months on glatiramer ac-
etate, there is insufficient evidence to determine the efficacy of
natalizumab added to glatiramer acetate compared with pla-
cebo added to glatiramer acetate in decreasing the risk of
relapse at 6 months (very low confidence).e4

Natalizumab added to glatiramer acetate is probably more
effective than placebo added to glatiramer acetate in

Figure 3 Outcome: Relative risk (RR) of in-study disability progression at 2 years, relapsing-remitting multiple sclerosis

IVIg = IV immunoglobulin; LCL = lower confidence limit; UCL = upper confidence limit. aOutcome measured at 1 year. bVersus interferon-β-1a. cOutcome
measured at 3 years. dSee safety note on page 791.8a
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decreasing the cumulative number of new or enlarging T2
lesions at 6 months (moderate confidence).e4

Note that natalizumab is not presently approved/
recommended as an add-on therapy to other DMTs owing
to potential safety concerns associated with combined use of
this medication.

5. In people with progressive MS, are DMTs
superior to placeboor otherDMTsasmeasured
by relapse rate or in-study
disease progression?

Risk of relapse
Figure 4 presents these data regarding risk of relapse. IFN-
β-1b subcutaneous alternate day (SPMS) is more effective
than placebo in reducing the risk of relapse in people with
progressive MS (high confidence).e5,e6

The following DMTs are probably more effective than placebo
in reducing the risk of relapse in people with progressive MS
(moderate confidence): IFN-β-1a 60 μg IM weekly (SPMS)e7

and mitoxantrone (worsening RRMS and SPMS).e8

There is insufficient evidence to determine the efficacy of the
following DMTs compared with placebo in reducing the risk
of relapse in people with progressive MS (very low confi-
dence): azathioprine,38 immunoglobulins,e9,e10 and metho-
trexate (chronic progressive MS, older terminology that is
undefined but included present PPMS and SPMS disease
types).e11 There is insufficient evidence to determine the
efficacy of high-dose corticosteroids compared with low-dose
corticosteroidse12 in reducing the risk of relapse in people
with SPMS (very low confidence).

Disability progression
The following DMTs are probably more effective than pla-
cebo in reducing the risk of in-study disability progression in
people with progressive MS (RRMS or SPMS; moderate
confidence): mitoxantrone (worsening RRMS and SPMS)e13

and ocrelizumab (PPMS).e14

The following DMTs are possibly no more effective than
placebo in reducing the risk of in-study disability progression
in people with progressive MS (low confidence): cladribine
(SPMS),e15 fingolimod (PPMS),e16 glatiramer acetate
(progressive forms of MSe17 and PPMSe18), IFN-β-1a 30 μg
IM weekly (SPMSe7 and PPMSe19), IFN-β-1a subcutaneous 3
times per week (SPMS),e20 IFN-β-1b subcutaneous alternate
day (SPMSe5,e6 and PPMSe21), and rituximab (PPMS).e22

There is insufficient evidence to determine the efficacy of the
following DMTs relative to placebo in reducing the risk of in-
study disability progression in people with progressive MS
(very low confidence): azathioprine,38 corticosteroids added
to mitoxantrone,e23 cyclophosphamide,e24,e25 immunoglobu-
lins,e9,e10 and methotrexate (CPMS [PPMS]).e11

There is insufficient evidence to determine the efficacy of
high-dose corticosteroids relative to low-dose cortico-
steroidse26 in reducing the risk of in-study disability pro-
gression in people with progressive MS (very low
confidence).

6. What are the AEs of DMTs in people with MS
compared with placebo (AE-related
discontinuation and serious or life-
threatening AEs)?
A comprehensive review of adverse effects associated with
DMTs is included in the full-text document (data supplement
to the companion recommendations article, links.lww.com/
WNL/A429) and table.

7. In people with CIS, are DMTs superior to
placebo in decreasing the risk of conversion
to MS?
Figure 5 presents the data regarding risk of conversion to MS
in people with CIS. For individuals with CIS, the following
DMTs are more effective than placebo in reducing the pro-
portion of individuals converting to MS (high confidence):
glatiramer acetatee27 and IFN-β-1a subcutaneous 3 times
weekly.e28

Figure 4 Outcome: Relative risk (RR) of relapse at 2 years secondary progressive multiple sclerosis

IVIg = IV immunoglobulin; LCL = lower confidence limit; UCL = upper confidence limit. aHigh-dose corticosteroids vs low-dose corticosteroids. bOutcome
measured at 3 years.
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For individuals with CIS, the following DMTs are probably
more effective than placebo in reducing the proportion of
individuals converting to MS (moderate confidence):
cladribine,e29 immunoglobulins,e30 IFN-β-1a 30 μg IM
weekly,e31 IFN-β-1b subcutaneous alternate day,e32 and
teriflunomide.e33

Discussion
Multiple DMTs are now approved for use in CIS or MS,
allowing people with MS and clinicians to consider DMT
mechanism of action, efficacy, and AE profile in the decision-
making process. This systematic review was used to develop
a practice guideline for the use of DMT for MS, acknowl-
edging the limits of current evidence. Measures of efficacy
such as long-term disability, patient satisfaction, quality of life,
and effects on MS symptoms may be important to the
decision-making process but ultimately remain inadequately
studied. Similarly, there is a dearth of high-quality evidence
pertaining to the comparative efficacy of specific DMTs or
various treatment strategies (e.g., high-efficacy treatment vs
stepped-care treatment protocols). Future studies addressing
these and other questions are needed to further inform
treatment recommendations, particularly those pertaining to
when to switch or stop DMTs.
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Disputes & Debates: Editors’ Choice
Steven Galetta, MD, FAAN, Section Editor

Reader response: Comprehensive systematic review summary:
Disease-modifying therapies for adults withmultiple sclerosis: Report
of the Guideline Development, Dissemination, and Implementation
Subcommittee of the American Academy of Neurology
Katherine R. Tran (San Francisco)

Neurology® 2019;93:764–765. doi:10.1212/WNL.0000000000008366

Genentech recognizes that high-quality and trustworthy guidelines, such as those published by
the American Academy of Neurology, are important both for providers to optimize patient care
and for payers to manage appropriate utilization of multiple sclerosis (MS) treatments. We
appreciate the opportunity to provide the following corrections to inform accurate recom-
mendations for health care decision makers.

The Comprehensive Systematic Review Summary omits key information regarding ocrelizumab
in figures 1 and 3.1 Figure 1 lists disease-modifying therapies (DMTs) by annualized relapse rate
(ARR) reductions from highest to lowest; figure 3 lists DMTs by relative risk of in-study
disability progression at 2 years. The figures do not include a footnote indicating that the ARR
and disability progression for ocrelizumab are relative to subcutaneous interferon-β-1a 44 μg 3
times weekly, although there is such a note included for alemtuzumab.

Editors’ note: Comprehensive systematic review summary: Disease-
modifying therapies for adults with multiple sclerosis: Report of the
Guideline Development, Dissemination, and Implementation
Subcommittee of the American Academy of Neurology
In the special article “Comprehensive systematic review summary: Disease-modifying
therapies for adults with multiple sclerosis,” Rae-Grant et al. reported the findings of the
Guideline Development, Dissemination, and Implementation Subcommittee of the
American Academy of Neurology based on reviewing the evidence on starting, switching,
and stopping disease-modifying therapies for clinically isolated syndrome, relapsing-
remitting MS, and progressive forms of MS. In response, Dr. Tran, on behalf of
Genentech, argues that the report did not make it clear that data on annualized relapse rate
reduction and relative risk of in-study disability progression for ocrelizumab (presented
along with other therapies in figures 1 and 3) were from direct comparisons with sub-
cutaneous interferon-β-1a 44 μg 3 times weekly in 2 phase 3 randomized, double-blind,
double-dummy trials. In response, Dr. Rae-Grant agrees that this information should
have been included, but notes that statements in the text of the summary and in a key
accompanying table acknowledged the superior efficacy of ocrelizumab compared with
interferon- β-1a 3 times weekly. Dr. Rae-Grant also notes that data on subgroup analysis of
treatment of highly activeMSwith ocrelizumabwere not available at the time of publication
of the systematic review.

Aravind Ganesh, MD, DPhil, and Steven Galetta, MD
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The efficacy and safety of ocrelizumab compared with subcutaneous interferon-β-1a 44 μg 3
times weekly in RMS was evaluated in 2 identical, phase 3, randomized (1:1), double-blind,
double-dummy, head-to-head comparative trials.2,3 Readers may infer indirect treatment com-
parisons using these figures, and the omission of this fundamental detail misrepresents the
relative efficacy of MS DMTs.

1. Rae-Grant A, Day GS, Marrie RA, et al. Comprehensive systematic review summary: disease-modifying therapies for adults with
multiple sclerosis: Report of the guideline development, dissemination, and implementation subcommittee of the American Academy of
Neurology. Neurology 2018;90:789–800.

2. Hauser SL, Bar-Or A, Comi G, et al. Ocrelizumab versus interferon beta-1a in relapsing multiple sclerosis. N Engl J Med 2017;376:221–234.
3. Genentech, Inc Highlights of prescribing information: ocrevus (ocrelizumab) injection, for intravenous use: full prescribing in-

formation. Available at: gene.com/download/pdf/ocrevus_prescribing.pdf. Accessed: December 12, 2018.
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I thank Dr. Tran for the comment on our comprehensive systematic review summary for the
American Academy of Neurology guideline on disease-modifying therapy for adults with
multiple sclerosis (MS).1

In regard to figures 1 and 3,1 Dr. Tran correctly points out that critical information related to the
ocrelizumab findings should have been included in each figure to indicate that the ocrelizumab
findings are in comparison with interferon-β-1a (IFN-β-1a). We regret missing this in our
proofing of this set of long and complex articles.

The text of the summary, a key accompanying table, and the full-text guideline document reflect
the active comparator using IFN-β-1a subcutaneous 3 times per week.1 The following language
was used for conclusions about ocrelizumab: “Ocrelizumab13 is more effective than IFN-β-1a
subcutaneous 3 times per week … (high confidence);” “Ocrelizumab13 is more effective than
IFN-β-1a 44 μg subcutaneous 3 times weekly… (high confidence).”

In addition, a key table of efficacy for reducing the annualized relapse rate for relapsing
MS documented the active comparator status in the summary1 as follows: “Ocrelizumab more
effective than IFN-β-1a subcutaneous 3 times per wk.”

This information should have been included in the published article, and we will notify the
Neurology journal of this error as quickly as feasible.

We further appreciate your comments about subgroup analysis of treatment of highly active
MS with ocrelizumab. Unfortunately, these data were not published when we completed our
systematic review.

Medicine is a constantly evolving process; we noted this in our summary.Howpayers use guidelines
to make decisions about access to care is beyond the scope and control of guideline development.

1. Rae-Grant A, Day GS, Marrie RA, et al. Comprehensive systematic review summary: disease-modifying therapies for adults with
multiple sclerosis: Report of the Guideline Development, Dissemination, and Implementation Subcommittee of the American Academy
of Neurology. Neurology 2018;90:789–800.
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Reader response: High prevalence of neutralizing antibodies after
long-term botulinum neurotoxin therapy
Joseph Jankovic (Houston)

Neurology® 2019;93:766–767. doi:10.1212/WNL.0000000000008379

In the article by Albrecht et al.,1 the authors reported nearly 14% prevalence of neutralizing
antibodies, determined bymouse hemidiaphragm assay (MHDA), among 596 patients treatedwith
botulinum neurotoxin type A (BoNT/A), mostly with abo-BoNT/A (n = 324). They cited similar

Editors’ note: High prevalence of neutralizing antibodies after long-
term botulinum neurotoxin therapy
In the article “High prevalence of neutralizing antibodies after long-term botulinum neu-
rotoxin therapy,” Albrecht et al. investigated the prevalence of neutralizing antibodies
(NAbs) against botulinum neurotoxin type A (BoNT/A) in a monocentric, observational
cross-sectional study of 596 outpatients treated with BoNT/A over a mean of 5.3 years for
different indications and found that 13.9% had measurable NAbs. The probability of
developing NAbs increased with the single and cumulative dose of treatment and was
associated with the BoNT/A formulation used, leading the authors to recommend avoiding
booster injections and reducing the individual injected doses. In response, Dr. Jankovic
notes that the authors did not mention other studies that showed a much lower frequency
of NAbs, although after shorter periods of observation, and indicates that no data were
provided regarding any correlation between the presence of NAbs and clinical response. In
this regard, Dr. Jankovic notes that none of the patients in a previous study with blocking
antibodies identified by the mouse protection assay (MPA) had any clinical response,
suggesting that the MPA may be more clinically meaningful. In their reply, Albrecht et al.
postulate that lower rates of NAbs in previous studies may relate to lower sensitivity of the
MPA, lower BoNT doses used, and substantially shorter duration of treatment. In contrast
to Dr. Jankovic’s findings, they report that all their patients with NAbs opted to continue
treatment and reported ongoing subjective benefit. Both the authors andDr. Jankovic agree
on the need for novel assays with higher sensitivity and specificity that are (ideally) not
animal based. In another response, Mulroy et al. caution that the authors’ conclusions may
mislead readers into thinking that long-term treatment with frequent or repeated BoNT
injections can result in clinical treatment failure. Like Dr. Jankovic, they too highlight the
absence of data on clinical effectiveness in this study and note that NAb serostatus did not
always correlate with clinical response in previous studies. They also seek to clarify the
authors’ disclosures, given that the study was funded by Merz Pharmaceuticals, which
manufacturers one of the BoNT formulations studied. Replying to these comments,
Albrecht et al. argue that there is consensus that the induction of NAbs should be avoided,
as they are associated with reduced treatment response in several studies. They acknowl-
edge that they do not have information about NAb induction with treatment intervals
shorter than 10 weeks in their study, note the difficulty of comparing treatment efficacy
across different indications, and concede that efficacy data were not available for all patients.
They also state that pharmaceutical funding had no influence on the interpretation or
analysis of their data. This correspondence highlights enduring uncertainty in the field
regarding the clinical implications of NAbs as detected by existing animal-based assays.

Aravind Ganesh, MD, DPhil, and Steven Galetta, MD
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prevalence of neutralizing antibodies based on their own study,2 but they failed to mention other
studies showing much lower frequency of such antibodies, albeit after a shorter observation period.
For example, in a prospective study of 326 patients with cervical dystonia treated with BoNT/A,
only 1.2% tested positive for antibodies detected by the mouse protection assay (MPA).3 Albrecht
et al.1 provided no data on the correlation between the presence of antibodies detected by MHDA
and clinical response, although they stated that their patients were “still responding.”

In contrast, none of our patients with positive titers for blocking antibodies tested by MPA had any
clinical response, indicative of true immunoresistance.4 Therefore, the latter assay is more clinically
meaningful as it correlates well with clinical response, which may explain the differences in the
reports of secondary unresponsiveness among various studies using different assays and BoNT
products.5 More sensitive and specific assays that are not animal based are needed to monitor the
emergence of blocking antibodies, particularly in patients treated chronically with high doses of
BoNT.

1. Albrecht P, Jansen A, Lee JI, et al. High prevalence of neutralizing antibodies after long-term botulinum neurotoxin therapy. Neurology
2019;92:e48–e54.

2. Hefter H, Rosenthal D, Moll M. High botulinum toxin-neutralizing antibody prevalence under long-term cervical dystonia treatment.
Mov Disord Clin Pract 2016;3:500–506.

3. Brin MF, Comella CL, Jankovic J, et al. Long-term treatment with botulinum toxin type A in cervical dystonia has low immunogenicity
by mouse protection assay. Mov Disord 2008;23:1353–1360.

4. Hanna PA, Jankovic J. Mouse bioassay versus Western blot assay for botulinum toxin antibodies: correlation with clinical response.
Neurology 1998;50:1624–1629.

5. Bellows S, Jankovic J. Immunogenicity Associated with Botulinum Toxin Treatment. Toxins (Basel). 2019:Aug 26;11(9).
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We thank Dr. Jankovic for his valuable comments on our article.1 The study by Brin et al.,2

which, along with similar studies, is analyzed in a review referenced in our article,3 reported
lower rates of neutralizing antibodies (NAbs) (1.4% at a mean treatment duration of 2.5 years
and maximum duration of 4 years) in cervical dystonia. Reasons may be a lower sensitivity of
the mouse protection assay (MPA) compared with our mouse hemidiaphragm test, the lower
doses applied, and the fact that the treatment duration was substantially shorter than in our
study (mean 5.3 years and maximum 23 years). We completely agree that the clinical relevance
of the observed NAbs should be investigated by assessing the clinical response. These inves-
tigations are underway and will be the subject of a following publication. However, we can
already state that we do not share Dr. Jankovic’s impression that all patients with detectable
NAbs display complete unresponsiveness. All our patients were on continued treatment by
choice and reported at least some subjective benefit of therapy.1 This is in line with previous
studies using the MPA that also reported responsiveness in some patients despite positive
NAbs.2,4 We agree that novel, ideally not animal-based, assays with high sensitivity and spec-
ificity should be established and validated.

1. Albrecht P, Jansen A, Lee JI, et al. High prevalence of neutralizing antibodies after long-term botulinum neurotoxin therapy. Neurology
2019;92:e48–e54.

Neurology.org/N Neurology | Volume 93, Number 17 | October 22, 2019 767

Author disclosures are available upon request (journal@neurology.org).

Copyright © 2019 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n
mailto:journal@neurology.org


2. Brin MF, Comella CL, Jankovic J, et al. Long-term treatment with botulinum toxin type A in cervical dystonia has low immunogenicity
by mouse protection assay. Mov Disord 2008;23:1353–1360.

3. Naumann M, Boo LM, Ackerman AH, Gallagher CJ. Immunogenicity of botulinum toxins. J Neural Transm (Vienna) 2013;120:
275–290.

4. Naumann M, Carruthers A, Carruthers J, et al. Meta-analysis of neutralizing antibody conversion with onabotulinumtoxinA (BOTOX®)
across multiple indications. Mov Disord 2010;25:2211–2218.
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We read with interest the article by Albrecht et al.,1 which demonstrated that 14% of 596
patients treated with various botulinum toxin (BoNT) preparations over 2–5 years developed
neutralizing antibodies (Nabs). Although the study clearly focuses on the presence of Nabs and
not on the clinical effect, the conclusions by Albrecht et al.1 that “… avoiding booster injections
and providing short intervals between injections…may diminish the risk of NAb induction…”
and that “… the dose per injection session should be kept as low as possible to avoid clinically
relevant immunization…” could mislead readers into believing that long-term treatment with
frequent or repeated BoNT injections can result in clinical treatment failure.

The authors stated that “… patients were still responding (at least partially)…,”1 but do not
include data on clinical effectiveness. Most prior studies in this area have done so, as this greatly
impacts on patient management.2 It would be useful to know whether these data were not
collected or have been omitted from publication intentionally. As previously demonstrated,
Nab serostatus does not necessarily correlate with clinical response to repeated injections.2,3

Last, the authors reported no disclosures related to the study,1 yet the study was funded by
a pharmaceutical company that manufactures one of the BoNTs included in the study. This
needs clarification.

1. Albrecht P, Jansen A, Lee JI, et al. High prevalence of neutralizing antibodies after long-term botulinum neurotoxin therapy. Neurology
2019;92:e48–e54.

2. Fabbri M, Leodori G, Fernandes RM, et al. Neutralizing antibody and botulinum toxin therapy: a systematic review and meta-analysis.
Neurotox Res 2016;29:105–117.

3. Brin MF, Comella CL, Jankovic J, Lai F, Naumann M. Long-term treatment with botulinum toxin type A in cervical dystonia has low
immunogenicity by mouse protection assay. Mov Disord 2008;23:1353–1360.
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We thank Mulroy et al. for their comment on our article.1 The association of neutralizing
antibodies (NABs) against botulinum neurotoxin A and a reduced treatment response has been
reported in several publications.2,3 It is, therefore, consensus that the induction of NABs should
be avoided if possible. Given the constant treatment intervals >10 weeks in our study,1 we do
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not have information about NAB induction with shorter treatment intervals. With these reg-
imens, an impact was reported in previous studies.4,5 Our investigation was directed to identify
other factors relevant for the induction of NABs and the prevalence in a large sample of
treatment responsive patients across different indications. As comparing treatment efficacy
across different indications is challenging and efficacy data was not available for all patients, we
chose to not focus on treatment response.

Funding by Merz Pharmaceuticals was transparently reported at the bottom of the manuscript
and all unrelated disclosures are listed on the journal webpage. As this funding had no influence
on the interpretation or analysis of the data, it was not additionally listed as a relevant disclosure.

1. Albrecht P, Jansen A, Lee JI, et al. High prevalence of neutralizing antibodies after long-term botulinum neurotoxin therapy. Neurology
2019;92:e48–e54.

2. Greene P, Fahn S, Diamond B. Development of resistance to botulinum toxin type A in patients with torticollis. Mov Disord 1994;9:
213–217.

3. Göschel H, Wohlfarth K, Frevert J, Dengler R, Bigalke H. Botulinum A toxin therapy: neutralizing and nonneutralizing
antibodies—therapeutic consequences. Exp Neurol 1997;147:96–102.

4. Naumann M, Boo LM, Ackerman AH, Gallagher CJ. Immunogenicity of botulinum toxins. J Neural Transm (Vienna) 2013;120:
275–290.

5. Lange O, Bigalke H, Dengler R, et al. Neutralizing antibodies and secondary therapy failure after treatment with botulinum toxin type A:
much ado about nothing? Clin Neuropharmacol 2009;32:213–218.
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CORRECTION

Comprehensive systematic review summary: Disease-modifying
therapies for adults with multiple sclerosis: Report of the Guideline
Development, Dissemination, and Implementation Subcommittee of
the American Academy of Neurology
Neurology® 2019;93:769. doi:10.1212/WNL.0000000000008374

In the special article “Comprehensive systematic review summary: Disease-modifying therapies
for adults with multiple sclerosis: Report of the Guideline Development, Dissemination, and
Implementation Subcommittee of the American Academy of Neurology,” by Rae-Grant et al.,1

there are errors in figures 1 and 3. In figure 1, a superscript “a” is missing from “Ocrelizumab” to
indicate the comparator intervention (interferon-β-1a 44 μg 3 times per week subcutaneously);
in figure 3, a superscript “b” is missing from “Ocrelizumab,” also to indicate the comparator
intervention (interferon-β-1a). Additionally, in the table “Efficacy of disease modifying thera-
pies (DMTs) for reducing the annualized relapse rate (ARR) and risk of relapse at 2 years,”
there should not be an entry for “very low” confidence for azathioprine under “Reduction of the
ARR.” The entry for very low confidence for azathioprine under “Reduction of risk of relapse at
2 y” appears correctly. The authors regret the errors.
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