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Background: Intravenous methylprednisolone (IVMP), repository corticotropin injection
(RCI), plasmapheresis (PMP), and intravenous immunoglobulin (IVIG) are used in the
treatment of acute multiple sclerosis (MS) relapse. A systematic literature review (SLR) of
randomized controlled trials (RCTs) was conducted to examine the highest quality evidence
available for these therapies.

Methods: English-language articles were searched in MEDLINE, Embase, and Cochrane
Library through May 2016 per Preferred Reporting Items for Systematic Reviews and Meta-
Analyses standards. MS conferences, SLRs, and bibliographies of included studies were also
searched. Eligible studies included adults treated with >1 aforementioned therapy.

Results: Twenty-three RCTs were identified: 22 on efficacy, 11 on safety, and 3 on QOL (ie
18 IVMP, 2 RCI, 2 PMP, and 2 IVIG). IVMP and RCI improved relapse-related disability;
however, IVIG and PMP showed inconsistent efficacy. QOL data were only ascertained for
IVMP.

Conclusions: RCTs indicate IVMP and RCI are efficacious and well tolerated treatments
for MS relapse. Overall, many RCTs were dated, with sample sizes of fewer than 30 patients
and no definitions for relapse nor clinically significant change. Contemporary evidence
generation for all relapse treatments of interest, across efficacy, safety, and QOL outcomes,
is still needed.
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Introduction

Multiple sclerosis and relapses

Multiple sclerosis (MS) is one of the most common causes of disability in young
adults." The most characteristic clinical feature of the disease is the occurrence of
relapses or exacerbations.” Relapses are typically defined as episodes of focal
neurological disturbance lasting more than 24 hrs without an alternate explanation
and must be separated from the previous episode by a period of 30 days. They are
associated with increased sustained functional impairment and decreased quality of
life (QOL) in untreated patients.’ Notably, progressive worsening may occur with
incomplete recovery from these exacerbations.’

Treatment of relapses
Real-world treatment patterns observed in patients experiencing acute MS relapse
within the United States indicate that various management options may be used,
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including corticosteroids (CS; such as high-dose intrave-
nous methylprednisolone [IVMP]), repository corticotro-
pin (RCD), (PMP),
intravenous immunoglobulin (IVIG).* Table 1 presents

injection plasmapheresis and
expert statements from US-based MS organizations relat-
ing to the therapeutic management of relapses in MS.

Intravenous methylprednisolone is an anti-inflam-
matory glucocorticosteroid that is indicated by the
United States (US) Food and Drug Administration
(FDA) for the treatment of MS relapse.” RCI, also
known as H.P. Acthar Gel, is a subcutaneous (SC) or
intramuscular (IM) injection of adrenocorticotropic
hormone (ACTH) approved by the FDA for use in
patients experiencing MS relapse.® PMP is a medical
procedure that has been recommended for steroid-resis-
tant acute MS relapses by the American Academy of
Neurology (Table 1) and American Society for
Apheresis (ASFA).”® IVIG is an administered treat-
ment comprised of pooled immunoglobulin G (IgG)
prepared from the fractionation of human plasma, and
is also used in the treatment of MS relapse’ despite not
having an FDA indication for such use'® and having
insufficient supporting evidence by expert organiza-
tions AAN and NMSS, except for extenuating circum-
stance, such as pregnancy.’

Past studies have shown that a proportion of patients
report worsened symptoms or no treatment effect with

CS."" For such patients who do not tolerate or respond
well to CS, escalating treatment of relapse—in which a
second course of high-dose IVMP or a non-CS treatment
is given—has become more common.'? In keeping, a treat-
ment algorithm for MS relapse has been proposed,'? in
which IVMP is recommended as first-line treatment, RCI
as an option for patients who do not improve with or cannot
tolerate IVMP, and PMP for patients with disabling symp-
toms that do not respond to initial treatment.

As such, a systematic literature review (SLR) was
undertaken to examine all published scientific information
available for these therapies, focusing on randomized con-
trolled trials in order to reflect the highest quality of
evidence.

Objectives

To systematically evaluate the literature on the efficacy,
safety, and quality-of-life (QOL) data for IVMP, RCI,
PMP, and IVIG when used in the treatment of acute
MS relapses. Randomized controlled trials (RCTs)
were utilized to reflect the highest standards of study
design and execution and the highest quality of
evidence.

Methods

The review was conducted according to the widely recog-

nized standards of Preferred Reporting Items for

Table | Expert statements from US MS Organizations on MS relapse treatments

Treatment | Approved® | National Multiple Sclerosis Society'*'> American Academy of Neurology”'¢
IVMP Yes CS are the accepted standard of care. The steroid most CS have been demonstrated to have a short-term
often used is IVMP. benefit on the speed of functional recovery in
patients with acute attacks of MS.
RCI Yes RCl is shown to be as effective as IVMP and may have a Not mentioned
place in situations where IV infusion is impractical or posi-
tive effects on bone via stimulation of dehydroepiandros-
terone and mineralocorticoids may be desirable.
PMP Not Second-line treatment for steroid-resistant exacerbations. | May be helpful in the treatment of severe acute
reviewed episodes of demyelination in previously nondisabled
individuals.
IVIG No® IVIG may be considered for relapses during pregnancy There are insufficient data to support the use of IVIG
(during which time steroids should be avoided if possible, | as monotherapy for MS relapses.
except in severe cases where required) IVIG is also some-
times used to treat relapses that do not respond to CS,
although the supportive evidence is limited.

Notes: *Approved and indicated for use by the US FDA; procedures such as plasmapheresis are not reviewed by FDA. "Reviewed by the FDA but not approved for
treatment of MS relapse.
Abbreviations: CS, corticosteroids; FDA, US Food and Drug Administration; IVIG, intravenous immunoglobulin; IVMP, intravenous methylprednisolone; MS, multiple
sclerosis; N/A, not applicable; PMP, plasmapheresis; RCI, repository corticotropin injection; US, United States.
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Systematic Reviews and Meta-Analyses (PRISMA),
developed to ensure rigorous and unbiased reporting

internationally.

Literature search and data extraction
Searches for English-language articles were performed in the
following electronic databases: MEDLINE, MEDLINE In-
Process, Embase, Biosciences Information Service (BIOSIS),
and The Cochrane Library. No date limit was applied; searches
were conducted from database inception to May 1, 2016. (See
Table S1 for MEDLINE search strategy.)

Relevant conference abstracts (American Academy of
Neurology [AAN], Americas Committee for Treatment and
Research in Multiple Sclerosis [ACTRIMS], and European
Committee for Treatment and Research in Multiple Sclerosis
[ECTRIMS]) were also searched, given their tendency to
carry contemporary clinical information prior to or supple-
mentary to publication: ACTRIMS and ECTRIMS 2013—
2016 and AAN 2014-2016. Bibliographic lists of recent
relevant SLRs and meta-analyses selected for inclusion
were searched for further studies of interest.

Search terms included combinations of free text and
Medical Subject Headings (MeSH) for MS disease terms.
The search was restricted using MeSH terms and title and
abstract terms for interventions of interest: ACTH, IVMP,
IVIG, and PMP. The search was also restricted to RCTs using
terms for these study types. The search strategy for PubMed
is shown in the Supplementary Material Appendix A.

Inclusion or exclusion of studies was assessed indepen-
dently in two steps by two researchers. In step 1, titles and
abstracts of all identified articles were reviewed for elig-
ibility according to the prespecified inclusion and exclu-
sion criteria. The full texts of articles selected at step 1
were reviewed for eligibility at step 2. At each step, any
discrepancies were resolved by consensus, with input from
a senior researcher if necessary. Articles were included at
step 1 if they described studies evaluating the treatments
of interest in patients aged 18 years or older; at step 2,
articles were included if they reported outcomes of inter-
est, informating efficacy, safety, and QOL. '(Please note:
the search was initially designed to identify randomized
and nonrandomized trials and prospective and retrospec-
tive studies; however, for the purposes of this manuscript,
which focuses on RCTs, selection of full texts during level
2 screen was limited to RCTs only). Non-US studies of
treatments of interest IVMP, PMP, and IVIG were included
if they met the relevant inclusion criteria, as formulations
of these products used outside the US are comparable to

those used within the US. Given RCI is a natural formula-
tion of ACTH only available in the US, only US studies
relating to RCI were included.

One researcher extracted data; an independent reviewer
quality checked all data, including verification of the data
with the original source.

Data synthesis

Information extracted from eligible studies was presented
in detailed evidence tables, and an overview of the find-
ings of the eligible studies was reported. No statistical
analyses were performed on the data. Qualitative conclu-
sions were reported based on identified studies. Baseline
versus follow-up results for the treatments of interest were
examined to describe treatment efficacy. When the treat-
ment of interest was not available alone but as a combina-
tion therapy, treatment arms were compared to informally
assess the treatment’s individual efficacy if the study
design allowed.

In studies in which a definition of significant change
for outcomes of interest was not specified by the authors, a
generally accepted definition available in the literature was
applied for the purposes of interpretation. When this defi-
nition could not be applied (eg when measurement of
change required knowledge of baseline outcome data not
presented in the publication), the authors’ conclusions are
presented with the caveat that a definition of significant
change was not specified. In the data tables, wording used
in the publications is presented along with the stated
definitions of significant change.

For the purposes of this SLR, we considered that
results beyond 3 months of the relapse were less relevant
to acuteMS relapse; therefore, we did not focus on such
long-term effects of acute therapy here.

Study sample sizes of fewer than 30 patients were
consistently referred to as small.'”

Quality assessment

The quality assessment of each study was performed to
standards recommended by the National Institute for
Health and Care Excellence (NICE).'®' These are based
on eight questions assessing the risk of bias and general-
izability of the studies and how study information is used
in any data synthesis. NICE processes are based on robust
methodology and are consequently used on an interna-
tional level, allowing for consistency and reproducibility
of results.
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Results
Description of included studies and

reported outcomes

A total of 1,736 articles was identified and screened for
eligibility. Of these, 23 unique studies met the eligibility
criteria and were selected for inclusion (Figure 1).

The “other” listed in the field “records excluded” refers
to the “other” category for exclusion, this relates to pub-
lications that were duplicates of other hits, as well as non-
English papers.

Auvailable evidence according to treatment of interest is
shown in Table 2. These studies included monotherapies
as well as combination therapies.

Efficacy outcomes

Of the 23 RCTs included, 22 reported efficacy using the
Disability Status Scale (DSS) or the Expanded Disability
Status Scale (EDSS) score. The DSS is a method of
quantifying and monitoring changes in the level of

disability over time and is primarily based on physical
functioning and ability to walk.>® Over time, this scale
has been modified several times to more accurately reflect
the levels of disabilities clinically observed and was
renamed EDSS.?' A change of >1 in EDSS score is gen-
erally accepted as a clinically significant change for
patients with baseline EDSS of 5.5 or lower or 0.5 points
in patients with a higher EDSS score.? Therefore, for the
purposes of interpretation in the narrative of this SLR, this
definition was applied in studies in which a definition of
improvement was not specified by the authors; when this
definition could not be applied, the authors’ conclusions
were presented with the caveat that a definition of clini-
cally significant change was not specified.

Intravenous methylprednisolone

A total of 17 RCTs evaluated IVMP treatment, using
different dosing regimens, administration methods, com-
parator therapies, or combination therapy regimens. The
majority of the studies included sample sizes that are less

Records identified through Records identified through Records identified through
database searches conference abstract searches hand searches
n=1,953 n=167 n=9
=
S [ [
8
= :I Duplicates n=393
é 2
- Total records identified after elimination of duplicates
n=1,736
(Database searches=1,563; conference abstract and Internet searches=167; hand searches=6)
v Records excluded at level 1 n=1.531
jou * Study type n=318
I= . Level 1 screen » Population n=515
o (Title / abstract screened) ol o (e n=450
& n=1,736 » Qutcomes n=3
* Other n=245
— \
Records excluded at level 22 n=182
Level 2 screen® - Study tvoe n=74
Z (Full text screened) v iyp _
3 =205 _| = Population n=25
2 “| « Intervention n=30
o « Outcomes n=41
» Other n=12
- Y
2 Included studies
E] n=23
e (RCI=2; IVMP=18°; PMP=2"; IVIG=2)

Figure | PRISMA diagram for study inclusion and exclusion. *A focus on RCTs was imposed at level 2 screening. All other study types were excluded (ie, publications that
were duplicates, non-English publications). °One RCT compared two treatments of interest: IVMP versus PMP.

Abbreviations: IVIG, intravenous immunoglobulin; IVMP, intravenous methylprednisolone; PMP, plasmapheresis; RCI, repository corticotropin injection; RCT, randomized
controlled trial; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

58 submit your manuscript

Dove

Degenerative Neurological and Neuromuscular Disease 2019:9


http://www.dovepress.com
http://www.dovepress.com

Dove

Costello et al

Table 2 Overview of studies

Treatment | Number of RCTs | Efficacy | Safety | QOL
RCI 2 2 2 0
IVMP 18 17 7 3
PMP 2° 2 0 0
IVIG 2 2 0
Total 23 22 I 3

Note: *One RCT compared two treatments of interest IVMP versus PMP, resulting

in 23 (rather than 24) unique studies.

Abbreviations: IVIG, intravenous immunoglobulin; IVMP, intravenous methylpred-
nisolone; PMP, plasmapheresis; QOL, quality of life; RCI, repository corticotropin

injection; RCT, randomized clinical trial.

than 100. Results largely demonstrated efficacy via

improved relapse-related disability (ie DSS/EDSS score).

These results are presented in Sections 3.2.1.1 to 3.2.1.4.

Two additional studies of IVIG included subsequent
IVMP within the regimen; these are presented with IVIG

studies in Section 3.2.2.

Table 3 Intravenous methylprednisolone versus placebo

Intravenous methylprednisolone versus placebo

Four RCTs compared IVMP versus placebo (Table 3),
with the total number of study patients included ranging
from 20 to 44 and a smaller sample size corresponding to
the IVMP study arm ranging from 12-22.

Only 1 study provided a definition of relapse,”
described as the occurrence of one or more new symptoms
or worsening of existing symptoms for a duration of
<8 weeks but >24 hrs which had not improved sponta-
neously at the time of entry into the trial.

Clinically significant improvement was defined as a gain
of >1 point on the EDSS in 3 of the 4 studies; by this
measure, the studies showed improvement in patients experi-
encing acute MS relapses who were treated with IVMP for
5 days® or 15 days.”*** The remaining study showed a mean
difference of 1 in the IVMP group and a difference of 0 in the
placebo group; no definition of clinically significant change
was provided for either group; however, meaningful change

Study/N/Age/Location

Intervention and treatment
duration

Summary of efficacy results

Durelli et al (1985)**
N=20
Mean age, years: 32.1

Italy

Intervention

IVMP (n=12) vs placebo®(n=8)
Treatment duration
IVMP/placebo: |5 days
Assessments

Daily for 15 days

Clinically significant EDSS score improvement (21 point):
IVMP, 11/12 patients, 3—6 days after IVMP administration
Placebo: 3/8 patients, 5—14 days after placebo administration

Durelli et al (1986)*

N=23

Mean age, years: MP, 30.7; placebo,
339

Italy

Intervention

IVMP (n=13) vs Placebo (n=10)
Treatment duration
IVMP/placebo: |5 days
Assessments

Daily for 15 days

Clinically significant EDSS score improvement (21 point):
Day 5: IVMP, 8/11 patients; placebo, 1/10 patients

Day 10: IVMP, 10/11 patients; placebo, 1/10 patients

Day 15: IVMP, 10/11 patients; placebo, 4/10 patients

Filipovic et al (1997)%

N=44

Mean age, years: group P, 35.3;
group M, 31.6

Yugoslavia

Intervention

IVMP (n=22) vs placebo (n=22)
Treatment duration

5 days

Assessments

| day before and 2 days after treat-

ment completion

Mean difference between EDSS scores | day before and 2 days after
treatment completion:

IVMP: 1.00 improvement

Placebo: 0.0

(P<0.0001)

Milligan et al (1987)%

N=22

Age, years: acute relapse, 34.1;
progressive, 39.8

United Kingdom

Intervention

IVMP (n=13) vs placebo (n=9)
Treatment duration

5 days

Assessments

Weeks | and 4 after treatment onset

EDSS score improvement (21-point):
Week |: IVMP, 8/13 patients; placebo, 1/9 patients
Week 4, IVMP, 10/13 patients; placebo, 2/8 patients

Note: *After |5 days of treatment with IVMP vs placebo (randomized phase), patients in both groups received OPT, which was slowly tapered over 120 days.
Abbreviations: EDSS, Expanded Disability Status Scale; IVMP, intravenous methylprednisolone; MP, methylprednisolone; NR, not reported; OPT, oral prednisone taper.
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can be inferred by utilizing the accepted definition of clini-
cally significant improvement.*

Studies comparing different doses of intravenous methyl-
prednisolone
Four RCTs compared different doses of IVMP (Table 4),
with total sample sizes ranging from 24 to 31. A definition
of relapse was reported in 3 of 4 studies; 2 studies defined a
relapse as the appearance or the worsening of symptoms
lasting for at least 24 hrs and causing an increase of dis-
ability of at least 1 point on the EDSS in the absence of
concomitant fever.>”*® The same definition was reported in
the third study, with a timeframe of 6 days to 4 weeks.*’

EDSS scores improved versus baseline in both low-
dose and high-dose IVMP groups; different studies
demonstrated varying frequency of improvement and
extent of recovery at varying time points.?’>°

One study reported a score improvement of >1 EDSS
score change as a therapeutic improvement.”” Although a
definition of EDSS clinically significant change was not
explicitly provided in the three remaining studies, 2 of these

reported significant improvement;>’->*

the remaining study
did not report clinical significance of results. Further, the
generally accepted definition of clinically significant change
(>1-point EDSS score change in patients with baseline
EDSS<5.5) could be applied to one of these studies, demon-
strating a clinically significant change in EDSS at 7 days (T7)

versus baseline in patients treated with high-dose IVMP.?®

Intravenous methylprednisolone (Different settings)

A study conducted in the United Kingdom (UK) reported
EDSS outcomes of 138 patients experiencing MS relapses
treated in an outpatient or home setting (Table 5).>' A defini-
tion of relapse was not provided. The outpatient treatment
group showed an improvement of 0.8 in the EDSS score at
week 6 versus baseline and the home group 1.0; only the
latter met the standard clinical improvement definition of a 1-
point improvement.*?

Intravenous methylprednisolone daytime versus nighttime
administration

One single-center, pilot RCT reported EDSS outcomes of
17 patients with MS relapses treated with IVMP adminis-
tered during the day or night.>> A definition of relapse was
not provided. The study was based on the premise that MS
is associated with diurnal variations in symptoms and that
chronotherapy, a treatment regimen tailored to diurnal
body rhythms, may increase the efficacy, safety, and

tolerability of treatment.*” Clinical improvement following
treatment, as measured using EDSS, was reported in both
groups versus baseline; no magnitude of improvement was
available. At day 7, the nighttime group experienced at
least a 2 point reduction in EDSS (Table 6) exceeding the
standard definition of a clinically significant improvement
(gain of >1 point in patients with baseline EDSS <5.5 or
gain of >0.5 in patients with baseline EDSS >5.5.5);** no
results were available for the daytime group at Day 7.

Intravenous methylprednisolone followed by oral predni-
sone taper either alone or concomitant with PMP or |A
One pilot RCT reported EDSS outcomes of 17 patients with
MS relapses treated with [IVMP followed by oral prednisone
taper (OPT) alone, in combination with PMP, and in com-
bination with immunoadsorption (IA) (Table 7).**> A defini-
tion of clinical improvement or relapse was not provided.
IVMP followed by OPT and IVMP followed by OPT and in
combination with PMP or IA were shown to reduce dis-
ability in patients with MS relapses at the 2-week assess-
ment versus baseline; however, when applying the standard
definition of clinically significant change,”* the group
receiving IVMP followed by OPT who were not receiving
additional therapy did not experience clinically significant
improvement at 2 weeks or 3 months follow-up.

Intravenous methylprednisolone versus oral methylpredni-
solone

Five studies evaluated IVMP versus oral methylpredniso-
lone (OMP) (Table 8). A definition of relapse was not
reported in any of the studies. Four of the 5 studies showed
efficacy with IVMP; the baseline EDSS with which to
qualify clinically significant change in the remaining
study was unclear, complicating interpretation. Three of
the 4 positive studies had small sample sizes, ranging from
20-24 patients in the IVMP arm.

Two of the studies provided a definition of clinically
significant EDSS change (>1 score change) and reported a
clinically significant improvement for both IVMP and
OMP.**?% Of the 3 studies that did not provide a definition
of clinical significance in EDSS score change, the standard
definition of a clinically significant EDSS improvement (a 1
or 0.5 unit increase in EDSS vs baseline in patients with
baseline EDSS score of <5.5 or >5.5, respectively*?) could be
applied to two of them.>**” In one of these, a clinically
significant change was seen at 4 and 12 weeks, with both
IVMP and OMP3® In the other, IVMP did not show a
clinically significant improvement at week 1 but did at
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Table 5 Intravenous methylprednisolone (different settings)

Study/N/Age/Location Intervention and Treatment Duration Summary of Efficacy Results
Chataway et al (2006)*' Intervention Mean EDSS score
N=138 IVMP outpatient setting (n=69) vs IVMP home | Baseline:
Mean age, years: outpatient treatment: 40.4; home | setting (n=69) Outpatient, 5.2 (1.3)
treatment: 36.8 Treatment duration Home, 5.2 (1.5)
UK 3 days 6 weeks:
Assessments Outpatient, 4.4 (1.9)
Baseline and 6 weeks later Home, 4.1 (2.0)

Mean EDSS score improvement at week 6
vs baseline:

Outpatient, 0.8; home, 1.0 (difference,
0.2; P=0.321)

Abbreviations: EDSS, Expanded Disability Status Scale; IVMP, intravenous methylprednisolone; NR, not reported; UK, United Kingdom.

Table 6 Intravenous methylprednisolone (administered at different times)

Study/N/Age/ Intervention and treatment duration Summary of efficacy results

Location

Glass-Marmor et al Intervention Mean EDSS (SD)

(2007)2 IVMP (followed by OPT) daytime (10:00—14:00) (n = NR) vs IVMP | Baseline: 6.1 (1.4) in daytime group, 6.5 (1.4) in
N=17 (followed by OPT) nighttime (22:00-02:00)* (n = NR) nighttime group

Mean age, years: day- Treatment duration Following treatment: EDSS improvement observed
time: 35.4; nighttime: IVMP: 6 days; OPT: NR (reduction every 2 days) in both groups (unit change not reported)

35.1 Assessments Day 7: Nighttime group only attained a reduction of
Israel Trial entry, day 7, and day 30 from treatment onset >2 points in EDSS

Note: *Patients in one arm presenting successive relapse were treated with the other arm protocol.

Abbreviations: EDSS, Expanded Disability Status Scale; IVMP, intravenous methylprednisolone; OPT, oral prednisone taper; NR, not reported; SD, standard deviation.

Table 7 Intravenous methylprednisolone followed by oral prednisone taper, either alone or concomitant with PMP or IA

Study/N/Age/ Intervention and treatment duration Summary of efficacy results
Location
Schmitt et al (1990)** Intervention EDSS scores®
N=17 IVMP vs IVMP and PMP vs IVMP and IAIVMP in each arm followed by OPT); alln=NR [ IVMP (followed by OPT):
Age: NR Treatment duration Baseline: ~4.9
Germany IVMP: | week 2 weeks: ~4.4
OPT: 4 weeks 3 months: ~5
PMP: | week | year: ~6.2
IA: | week IVMP (followed by OPT) and PMP:
Assessments Baseline: ~5
Prior to study entry as well as 2 weeks, 3 months, and | year after baseline 2 weeks: ~4.2
3 months: ~3.8
| year: ~4.5
IVMP (followed by OPT) and IA:
Baseline: ~5.4
2 weeks: ~3.8
2 months: ~3.3
| year: ~5.3

Note: The dose used in this study was 60 mg/day for one week, followed by 30 mg oral CS for 4 weeks. This is below the accepted dose of 500 mg to | g per day.

“Estimated from figure; actual values not reported.

Abbreviations: EDSS, Expanded Disability Status Scale; IA, immunoadsorption; IVMP, intravenous methylprednisolone; NR, not reported; OPT, oral prednisone taper; PMP,

plasmapheresis; RCT, randomized controlled trial.
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Table 8 Intravenous methylprednisolone versus oral methylprednisolone

Study/N/Age/Location
duration

Intervention and treatment

Summary of efficacy results

Alam et al (1993)% Intervention

UK Assessments
Days 0, 5, and 28

N=35 IVMP (n=20) vs OMP (n=15)
Mean age, years: injection, 41.6; tablets, Treatment duration
41.3 IVMP and OMP: 5 days

DSS mean score

Baseline: IVMP, 4.85; OMP, 4.80
Day 5: Results not presented.

Day 28: IVMP, 3.5; OMP, 3.67
P<0.01 for both groups vs baseline

Barnes et al (1997);*’ Intervention

24 weeks

N=80 IVMP (n=38) vs OMP (n=42)
Mean age, years (SD): IVMP, 37 (11.1); Treatment duration
OMP, 38 (9.6) IVMP, 3 days; OMP, 21 days
UK Assessments

Baseline, | week, 4 weeks, 12 weeks, and

EDSS median (IQR)

Baseline: IVMP, 6.0 (3.5-7.5); OMP: 5.0 (3.5-6.5)
Change (improvement) from baseline at:

Week |: IVMP, 0 (0-0.5); OMP, 0.5 (0-1)

Week 4: IVMP, 0.5; OMP, 0.5 (adjusted mean difference,
—0.017; P=0.80)

Week 12: IVMP, 0.5 (0-1.5); OMP, 0.5 (0-1.5)

Week 24: IVMP, 0.5 (0-1.5); OMP, 0.75 (0-1.5)

COPOUSEP Trial (2015)3 Intervention

N=199 IVMP (n=99) vs OMP (n=100)
Median age, years: oral: 35.0; IV: 34.7 Treatment duration
France 3 days

Assessments

| week, 4 weeks, and 12 weeks

Mean EDSS score improvement from baseline (I week)
4 weeks:

OMP, 1.5; IVMP, 1.3 (difference, 0.13; P=0.57)

12 weeks:

OMP, 1.6; IVMP, 1.5 (difference, 0.1; P=0.69)

Martinelli et al (2009)%° Intervention

Baseline, weeks | and 4

N=40 IVMP (n=20) vs OMP (n=20)
Mean age, years: IVMP: 31.0 (7.0); OMP: | Treatment duration

36.0 (8.0) 5 days

Italy Assessments

Improvement (21 point in EDSS score); P<0.001 for both
groups:

Week 1: IVMP, 65%; OMP, 35%

Week 4: IVMP, 85%; OMP, 55%

EDSS did not differ between the 2 groups at the different

time points

Ramo-Tello et al (2014);** Grau-Lopez et | Intervention

al 2014)*° IVMP (n=24) vs OMP (n=25)
N=49 Treatment duration

Mean age, years: IVMP, 37.7; OMP, 39.5 3 days

Spain Assessments

Baseline and weeks |, 4, and 12

Improvement in EDSS scores (21 score change) vs base-
line at 4 weeks:

IVMP, 1.11; OMP, 1.1l (mean difference between groups,
0.00; P=0.988)

Abbreviations: COPOUSEP, Corticothérapie Orale dans les Poussées de Sclérose en Plaques; DSS, Disability Status Scale; EDSS, Expanded Disability Status Scale; IQR,
interquartile range; IV, intravenous; IVMP, intravenous methylprednisolone; NR, not reported; OMP, oral methylprednisolone; SD, standard deviation; UK, United Kingdom.

weeks 4, 12, and 24; OMP did not show a clinically signifi-
cant improvement over the study period.’” The remaining
study reported a clinically significant change versus baseline
on the DSS scale; however, without a definition of clinically
significant change, this result could not be verified.*®

Intravenous methylprednisolone in combination with erythro-
poietin versus intravenous methylprednisolone plus placebo

One pilot RCT involving 20 patients assessed whether the
combination of IVMP and erythropoietin (EPO) acted
synergistically during MS relapse (Table 9).%° The study
was based on evidence of the neuroprotective properties of

EPO from in vitro and in vivo studies of brain diseases.
Definitions of relapse and clinically significant improve-
ment in EDSS were not reported. When the standard
definition of clinically significant change was applied (a
gain of >0.5 point on the EDSS in patients with baseline
EDSS of >5.5%%), improvement in mean EDSS scores
versus baseline was first observed with IVMP and placebo
at 1 month and continued to increase at months 2 and 3.

Intravenous immunoglobulin
Two studies assessed the efficacy of IVIG (Table 10).4!
Because IVIG was combined with IVMP in both studies,

64 submit your manuscript

Dove

Degenerative Neurological and Neuromuscular Disease 2019:9


http://www.dovepress.com
http://www.dovepress.com

Dove

Costello et al

Table 9 Intravenous methylprednisolone vs intravenous methylprednisolone plus erythropoietin

Study/N/Age/Location Intervention and treatment duration Summary of efficacy
results
Najmi Varzaneh et al (2014)* Intervention Mean EDSS
N=20 IVMP and IV EPO simultaneously (n=10) vs IVMP and placebo IVMP and EPO:
Mean age, years: not treated: 29.7 (SD, 2.9); treated: | simultaneously (n=10) Baseline, 6.60
30.5 (SD, 2.71) Treatment duration Month 1, 5.30
Iran 5 days Month 2, 3.00
Assessments Month 3, 1.40
5 days after treatment onset and at the end of months [, 2, and 3 | IVMP and placebo:
Baseline, 6.60
Month 1, 5.30
Month 2, 4.50
Month 3, 3.90

Abbreviations: EDSS, Expanded Disability Status Scale; EPO, erythropoietin; 1V, intravenous; IVMP, intravenous methylprednisolone; NR, not reported; RCT, randomized

controlled trial.

Table 10 Intravenous immunoglobulin and intravenous methylprednisolone

Study/N/Age/Location Intervention and treatment duration

Summary of efficacy results

TARIMS Study (2004)*'
N=76
Mean age, years: IVIG,

Intervention
IVIG followed by IVMP 24 hrs later (n=36)
vs placebo followed by IVMP 24 hrs later

35.3; placebo, 35.2 (n=40)

(P=0.99) Treatment duration
Germany, Denmark, NR

Sweden Assessments

Baseline, 4 days after treatment onset, and
3, 12, and 26 weeks after treatment onset

Baseline EDSS:

IVIG followed by IVMP: 4.4+1.3; placebo followed by IVMP: 4.2+1.3
Improvement from baseline in EDSS scores:

Day 4: IVIG followed by IVMP, 0.63; placebo followed by IVMP, 0.69
Week 3: IVIG followed by IVMP, 1.28; placebo followed by IVMP, 0.96

Intervention
IVMP followed by IVIG (n=10) vs IVMP fol-
lowed by placebo (n=9)

Visser et al (2004)*?
N=19

Mean age, years: IVMP
followed by IVIG, 37.5;
IVMP, 38.1

The Netherlands

Treatment duration

5 days

Assessments

Upon entry, after |, 2, 4, 8, and 12 weeks,
after 6 months, and during relapse
occurrence

Baseline median (range) EDSS:

IVMP followed by IVIG, 3.75 (3-6.5); IVMP followed by placebo, 3.5 (2,
5-7)

Median change in EDSS from baseline to:

Week [: not reported

Week 2: not reported

Week 4: IVMP followed by IVIG, 1.0 (95% ClI, 0-3); IVMP followed by
placebo, 1.0 (95% ClI, 0.28-1.94); P=0.81

Percentage of patients achieving a |-point EDSS score improvement at
week 4: IVMP followed by IVIG, 60%; IVMP followed by placebo, 67%;
P=0.76

Abbreviations: AE, adverse event; EDSS, Expanded Disability Status Scale; IVIG, intravenous immunoglobulin; IVMP, intravenous methylprednisolone; NR, not reported.

conclusions regarding the efficacy of IVIG alone cannot be
made.

Efficacy insights were then sought by looking across
treatment groups. One study showed clinical improvement
with IVIG followed by IVMP therapy at week 3, which
was slightly improved compared with the improvement
seen with IVMP only.*' The other study showed equiva-
lent clinical improvement from baseline to week 4, with
both IVMP followed by IVIG and IVMP only.*

The first study evaluated IVIG versus placebo, both
followed by IVMP 24 hrs later, in 76 patients. Acute
relapse was defined as the development of new or worsen-
ing of existing neurologic symptoms or signs in the
absence of fever persisting for more than 24 hrs and with
a previous period of more than 30 days with a stable or
improving condition.*' A definition of clinically signifi-
cant change in EDSS was not presented in the study, and
the standard definition could not be applied (=1 EDSS
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score change in patients with EDSS <5.5 or a gain of >0.5
point EDSS in patients with baseline EDSS of >5.5)
because baseline EDSS scores spanned across the 5.5
EDSS threshold.”* However, at week 3, patients receiving
combination therapy with IVIG showed an improvement
of 1.28 units EDSS, which meets the standard definition of
clinically significant change regardless of patients’ base-
line EDSS.*' Numerical improvements in EDSS scores
versus baseline were seen in both treatment groups at
day 4. Across treatment groups, EDSS improvements
were small and inconsistently greater for those receiving
IVIG + IVMP versus those receiving IVMP only.

The second study evaluated IVMP followed by IVIG
versus IVMP followed by placebo in 19 patients; it was
unclear when the second therapy followed within the treat-
ment timeline. Relapse was defined as a >1-point increase
in EDSS score (compared with pre-attack EDSS score)
and <22-day duration.*” The study demonstrated that
EDSS
improvement.** When comparing treatment groups, a

most patients achieved a 1-point score
smaller percentage of patients receiving IVMP followed
by IVIG showed significant improvement at 4 weeks ver-
sus baseline, compared with IVMP alone (60% vs 67%,
respectively; P=0.76). However, both arms had a signifi-
cant median EDSS improvement at week 4 versus baseline

(P=0.81).

Plasmapheresis

Two studies assessing PMP were identified in which PMP
was given in combination with other therapy; the efficacy
of PMP alone could not be directly assessed from these
studies because PMP was used in combination with other
therapies.

Efficacy insights were then sought across treatment
groups. One study showed increased clinical improvement
in EDSS with the addition of PMP at 3 months, which was
not seen in the control arm.>*> Another study showed clinical
improvement at all study timepoints (Table 11).4>%*

One study assessed PMP and IVMP followed by OPT
in a small sample of 17 patients (and is also presented in
Section 3.2.1.5). A definition of clinically significant
EDSS change was not presented; however, the standard
definition of >1 EDSS score change in patients with base-
line EDSS score<5.5%% could be applied. According to this,
clinically nonsignificant improvements in EDSS scores
were seen at week 2 versus baseline. Looking across
groups, the addition of PMP to combination therapy
showed increased EDSS change versus baseline compared

with the group not receiving PMP; however, this was not
clinically significant at 2 weeks. At 3 months, clinical
improvement was observed in the group receiving PMP
compared with the group not receiving PMP.>

The Cooperative Study of PMP, conducted in a US
cohort of 116 patients, compared an 8-week course of
PMP with placebo (each with RCI plus cyclophospha-
mide) in the treatment of MS relapses; therefore, the
efficacy of PMP alone could not be assessed in this
study (Table 11).**** Relapse was defined as an episode
of worsening characterized by a decline of at least 1 grade
on the Kurtzke DSS that was present for >5 days but no
longer than 8 weeks without evidence of improvement
from the inception of the worsening. A reduction of 1
grade in DSS was defined as improvement in patients
entering the study with a grade of >6B. For patients with
a grade of <6A, a reduction of 2 grades was required.
Patients receiving PMP showed improvement in DSS
scores at 2 weeks versus baseline; the extent of improve-
ment subsequently declined over the next assessment time-
points. Compared with patients not receiving PMP, DSS
improvement was higher over all time points evaluated.
The results suggested that PMP given with RCI plus
cyclophosphamide enhanced recovery from an acute MS
relapse compared with the control arm (placebo given with

RCI plus cyclophosphamide).****

Repository corticotropin injection

Two RCTs evaluated treatment with RCI (Table 12). In
one study, the proportion of patients with improved DSS
score was higher with intramuscular RCI than with pla-
cebo, at week 1, 2, 3, and 4. In the other study, mean
EDSS score with IM RCI were improved compared with
subcutaneous RCI at days 7 and 14 (1 day).

The National Cooperative Clinical Trial*> ™’ assessed
therapeutic response to a 2-week course of RCI IM (vs
placebo) in treating 197 relapse-remitting patients with
acute MS relapses; no relapse definition was provided. In
the RCI group, a consistently larger proportion of patients
showed improvement (>1-unit change DSS) at 1, 2, 3, and
4 weeks after initiation of treatment with RCI versus
placebo (RCI: 38%, 57%, 61%, and 65%; placebo: 26%,
38%, 49%, and 48%, respectively).

A 2-week, prospective, randomized, open-label, single-
center, pilot study by Simsarian, Saunders, Smith*® com-
pared a short (5-day) self-administered course of IM versus
SC RCI in a small sample of patients (n=20), from baseline.*®
On days 7 and 14, following the initiation of treatment, the
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Table 11 Plasmapheresis versus placebo

Study/N/Age/Location

Intervention and treatment duration

Summary of efficacy results

Schmitt et al (1990)*
N=17
Age: NR

Germany

Intervention

IVMP vs IVMP and PMP vs IVMP and IA (IVMP in each arm
followed by OPT); all n= NR

Treatment duration

IVMP: | week

OPT: 4 weeks

PMP: | week

1A: | week

Assessments

Prior to study entry as well as 2 weeks, 3 months, and | year
after baseline

EDSS scores®

IVMP (followed by OPT) and PMP:
Baseline: 5

2 weeks: 4.2

3 months: 3.8

| year: 4.5

IVMP (followed by OPT):
Baseline: 4.9

2 weeks: 4.4

3 months: 5

| year: 6.2

IVMP (followed by OPT) and IA:
Baseline: 5.4

2 weeks: 3.8

2 months: 3.3

| year: 5.3

Cooperative Study of PMP (1989,
1990) 4344
N=116

Mean (SD) age at treatment, years:

RRMS PMP: 32.7 (SD, 6.1)
RRMS placebo: 32.1 (SD, 7.5)
us

Intervention

PMP with RCI plus oral CFX within 24 hrs of PMP (n=5,959) vs
placebo® with RCI plus oral CFX within 24 hrs of placebo
(n=5,757)

Treatment duration

PMP: 5 times in first 14 days, then weekly for 6 weeks
ACTH: twice daily for || days, then once daily for 3 days
CFX: Daily for 12 weeks

Assessments

Prior to treatment and 2 weeks as well as [, 2, 3, 6, 18, and
24 months after treatment onset

Improvement in DSS scores vs pre-attack:
PMP (with RCI/CFX):

2 weeks: 1.00

I month: 0.50

2 months: 0.37

3 months: 0.03

6 months: 0.03

Placebo (with RCI/CFX):
2 weeks: 1.80

I month: 1.60

2 months: 0.97

3 months: 0.79

6 months: 0.44

Patients who improved in DSS scores, %°:
PMP (with RCI/CFX):

2 weeks: ~50%

I month: ~64%

2 months: ~68%

3 months: ~70%

6 months: ~70%

12 months: ~64%

18 months: ~48%

24 months: ~38%
Placebo (with RCI/CFX):
2 weeks: ~35%

| month: ~47%

2 months: ~59%

3 months: ~59%

6 months: ~65%

12 months: ~55%

18 months: ~40%

24 months: ~38%

Notes: PMP: 60 mL/kg body weight of patient plasma was exchanged for 3.5% albumin in normal saline containing 6.9 mEq Ca®*/L, 2 mEq mg?*/L, and 4 mEq K*/L. *Patients
in one arm presenting successive relapse were treated with the other arm protocol. ®*Control subjects received an identical regimen of a timed placebo procedure during
which their plasma was continuously separated, recombined with their blood cells, and returned to them. “Estimated from figure; actual values not reported.

Abbreviations: CFX, cyclophosphamide; DSS, Disability Status Scale; PMP, plasmapheresis; RCI, repository corticotropin injection; RCT, randomized controlled trial;
RRMS, relapse-remitting multiple sclerosis; SD, standard deviation; US, United States.
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Table 12 Repository corticotropin injection

Study/N/Age/Location

Intervention and treatment duration

Summary of efficacy results

Intervention
RCI IM (n=103) vs placebo (n=94)
Treatment duration

National Cooperative Clinical
Trial
Henderson et al (1978)*

Rose et al (1969)* 14 days

Rose et al (1970)* Assessments

N=197 Within 24 hrs of treatment onset, days 7 and 14 of
Age: NR treatment, and days 7 and 14 following treatment
us

Proportion of patients improved DSS score (21 score
change) at week | after treatment initiation:

RCI, 38%; placebo, 26%

DSS at week 2: RCI, 57%; placebo, 38%

DSS at week 3: RCl, 61%; placebo, 49%

DSS at week 4: RCI, 65%; placebo, 48%

Simsarian et al (2011)* Intervention

Baseline, days 7 and 14

N=20 RCI SC (n=10) vs RCI IM (both self-administered) 2.55
Age: 39.5 (n=10) Mean EDSS score on day 7%| day: IM, 1.20; SC, 2.65;
us Treatment duration all, 1.93
5 days Mean EDSS scores on day 141 day: IM, 1.10; SC,
Assessments 2.89; all, 1.95

Mean EDSS scores at baseline: IM, 2.30; SC, 2.80; all,

Abbreviations: DSS, Disability Status Scale; EDSS, Expanded Disability Status Scale; IM, intramuscular; NR, not reported; RCI, repository corticotropin injection; RCT,

randomized controlled trial; SC, subcutaneous; US, United States.

mean EDSS score reduction for IM was above the generally
accepted threshold of clinical improvement (EDSS, 1.1 and
1.2, respectively). However, the SC cohort failed to show
clinical improvement, as did the combined SC and IM group
(Table 12). The authors noted that the baseline mean EDSS
score of 2.55 signaled high initial functioning, indicating
mild to moderate disability at study entry.*® Further, only
10 patients were studied in each arm.

An additional study of PMP with RCI plus oral cyclo-
phosphamide within 24 hrs of first PMP or placebo is
presented in Section 3.2.3, demonstrating that this regimen
enhanced recovery from an acute MS relapse.*>**
However, results for RCI alone are not available in this
study and cannot be assessed compared with other treat-
ment arms due to the study design.

Quality-of-life outcomes
Three RCTs reported data for IVMP. Two of the three
studies had small sample sizes. Only one study provided
a definition of clinically significant change (ie >10 points,
for the SF-36, as established via a pilot study and analysis
of previously published data);** no definitions were pro-
vided in the other two studies and standard definitions of
clinically significant change could not be identified in the
literature. Authors’ interpretations were presented in these
cases (Table 13).

Chataway, Porter, Riazi, Heaney, Watt, Hobart,
Thompson®' assessed QOL changes in patients receiv-
ing IVMP administered in an outpatient versus home

setting using the SF-36. Both treatment groups experi-
enced some improvements; all domains of SF-36
improved after 6 weeks of treatment in an outpatient
setting, and 7 of the 8 domains improved with treat-
ment at home.

Craig, Young, Ennis, Baker, Boggild*® assessed QOL
changes at 1 month relative to baseline in patients receiv-
ing IVMP with planned, comprehensive multidisciplinary
team care versus standard care using the SF-36.
Multidisciplinary care included advice for continuing
self-management and referral to other agencies after dis-
charge if appropriate. Treatment was nonstandard, as
symptom presentation varied, and therapy was focused
on meeting subjects’ needs at the time. SF-36 mean
score improvements were of greater magnitude in the
treatment group than in the control group and were seen
across a higher number of SF-36 domains. At 1 month,
clinically significant score changes (>10 units) were seen
in both groups for Physical Function, Social Function,
Role Emotional, Mental Health, and Pain. In the treatment
group only, changes were also seen in Role Physical,
Energy, and General Health. At 3 months, clinically sig-
nificant score changes were seen in both groups for Social
Function and Role Physical domains. In the treatment
group only, changes were also seen in the Physical
Function, Mental Health, Energy, and Pain domains.

In the study reported by Ramo-Tello, Grau-Lopez,
Tintore, Rovira, Ramio i1 Torrenta, Brieva, Cano, Carmona,
Saiz, Torres, Giner, Nos, Massuet, Montalban, Martinez-
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QOL increased 4 weeks after relapse. Patients with greater dis-
ability had worse QOL regardless of the intensity of relapse.

Multiple Sclerosis Walking Scale; MusiQolL, Multiple Sclerosis International Quality of

Caceres, Costa>* and Grau-Lopez, Tintore, Ramio-Torrenta,
Brieva, Saiz, Nos, Cano, Carmona, Hervas, Montalban®’
comparing IVMP and OMP, Multiple Sclerosis
International Quality of Life questionnaire (MusiQoL) scores
were lower at the time of relapse than at 4 weeks after
methylprednisolone treatment (62.8 vs 71.5; P=0.05), indi-
cating an improvement with treatment.

Safety outcomes

Safety data were reported in 12 studies, 8 of which per-
tained to IVMP only, 2 to RCI and 2 to IVIg. The Schmitt
et al study of IVMP (followed by OPT)*® did not provide
safety data for the treatments of interest and is therefore
not included in Table 14. Three of the 8 IVMP studies

>
-~
£ assessed small samples of patients; the remaining 5 studies
§ reflected sample sizes ranging from 31 to 199 patients.
These 8 studies indicated IVMP was generally well toler-
S > . .
o $¢ .8 n ated, with nonserious adverse events reported. RCI had 2
a2 o O a . . .
ot § o d é’ RCTs with safety data, one of which had small sample size
v 5 N o, = a9 .
E e @ 82*>§ 2 g (Table 14). No SAEs were seen with RCI, and the most
a S S — G = A
§ S il’_ § g ~ g3 common AE observed was acne. No safety data were
o o £ - wn 2 .
Y 54w g % g g5 available PMP.
) 9 N T, > = = . . . ey e
) E v 8 & S % § %_D_ In the study by Oliveri, Valentino, Russo, Sibilia,
5 S g - 0 ‘s E . .
a 2 é s N I T d gﬁ, Aguglia, Bono, Fera, Gambardella, Zappia, Pardatscher,
K] o L e £ S N T c . .
e P 5 v Quattrone®® comparing different doses of IVMP, no
el o2 a8 a3 . . .
° S g -§ a3 S o i;L 2 major adverse events (AEs) were reported in either group
£ ; s 3 % ™ »§ £ ;3 (2 g/day and 0.5 g/day); minor side effects included
8 sa% 3232|595 . ) . :
§ 5 z 2 § ¢ % _‘g" 8? 5 insomnia, anxiety symptoms, dyspepsia, ankle edema,
g S £&g8587 v elfug and a metallic taste in the mouth. In the study of IVMP
S ~ 2 , 2 5% 29|89
S 03§ é S ; 0 '§ g 533 (followed by OPT) by Glass-Marmor, Paperna, Ben-Yosef,
] L=} @ 5 .
3 s 222 = a Z B i ‘g; Miller,>* the most commonly reported AEs were frequent
- 8 zY urination, metallic taste, restlessness/nervousness, and
EES . . . . . .
2 B2 insomnia. More patients experienced AEs in the daytime
e 232 . .
-§ 254 group.®? In the studies assessing IVMP versus OMP,
%’ £ 1 IVMP was well tolerated, and the most commonly
g a E g%g reported AEs included insomnia, headache, and metallic
[ ~ < = . . .
£ L s 3 s T¢o taste.>* %% In patients with IVMP and EPO versus IVMP
~ 5 © <~ c 80
g & g~ = 2% s and placebo, IVMP treatment was well tolerated.*’
3 A [ 5 % 5 . . .
S 3 2\ s % g3 5 & —§ No AEs were observed in patients treated with PMP
=} =} c 32 . .
% % E g 2 E z S % and IVMP, or with IVMP alone; AEs were reported in
> > = s @2 5858 . . .
3 gz s o $ = ;:; [P patients treated with IA and IVMP.**> Given the sample
< n 2 h=I] . . ..
= | = E2F24a 23 E size of N=17 patients and the preliminary report, results
3 + &7 . . .
% N ;: 5 o should be interpreted with caution.
k= & u . .
g | e s 3 ] 225 The overall incidence of AEs was found to be similar
[} o 3 & o g . . .
) & g o g% g O g g% in patients treated with IVIG followed by IVMP and
™ > = X 5N 56 E . .
- | Z _§ 2 es g 8o I 855 IVMP alone; 72% patients with IVIG followed by IVMP
K L S5F T o - &> 9 . . .
3 R ZEgT] g % o £ s e experienced at least one AE, versus 75% patients with
wa|l22d82z2x 2 o8 . .
= ° " 2% IVMP alone.*' However, as this was a pilot study of 17
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patients, results should be interpreted with caution. In
another study of 19 patients, no serious AEs (SAEs)
occurred in patients treated with IVIG followed by
IVMP and IVMP alone. However, there was not enough
information on safety assessment to conclude whether the
treatments were well tolerated.*

In the pilot study comparing a short (5-day) course of
IM versus SC RCI, injections were well-tolerated by both
groups; severe AEs were limited and no SAEs were
reported.*® In the study assessing RCI versus placebo, no
SAEs were reported in either group; 44% of patients
receiving RCI and 9% of those receiving placebo had
AEs, of which the most common was acne.*® Incidence
of acne and other AEs associated with treatment were not
reported. Overall, safety assessments were limited; further-
more, differences in dosage regimens further precluded
any robust conclusions.

Discussion

The aim of this SLR was to identify and assess RCT data
for therapies used in the treatment of acute MS relapse:
IVMP, RCI, 1VIG, and PMP.

EDSS/DSS score was used as a measure of efficacy in
most of the studies presented here. Whereas a clear recom-
mendation on how to interpret change in EDSS values is
not available in the literature,’® a progression of 1.0 or a
continuing progression by 1 unit on the scale for at least 6
or 12 months has been recommended by many authors as a
clinically significant change; for patients with an EDSS of
5.5 or higher, progression by 0.5 is often deemed
sufficient.**>® When a definition of improvement was
unspecified, this definition continued to be applied.
Baseline EDSS scores were not presented in all studies,
and significance could therefore not be determined. In
these cases, the authors’ conclusions were presented,
with the caveat that a definition of clinically significant
change was not specified. The vast majority of studies
found were dated, with no clear definition for relapse
presented and small sample sizes.

IVMP is the recommended first-line treatment for
patients with acute MS relapses'? prior to other treatments
of interest in this SLR [ie, RCI, IVIG, and PMP]). Results
reported in this manuscript show that patients treated with
IVMP often showed clinically significant improvements in
EDSS/DSS scores compared with baseline.?? 23473831

Of note, the IVMP regimens, dosages, and treatment
durations used in the included studies varied widely, from
as low as 0.5 g/day to 2 g/day, from 3-15 days, with or

without an OPT. Real-world treatment confirms such var-
iation in the dosing and duration of IVMP. In terms of
safety, the studies showed that IVMP was generally well
tolerated, with some nonserious adverse events reported.
Common AEs associated with IVMP include insomnia,
headache, and metallic taste.

The gel formulation of ACTH is approved by the FDA
for several different indications, given either intramuscu-
larly or subcutaneously. There are limited data available on
the duration, dosing, and route of administration of ACTH
gel in the treatment of acute exacerbations of multiple
sclerosis.*® Data from a large US RCT suggested the
efficacy of RCI gel administered IM over 15 days
increased versus baseline (as measured by proportion of
patients improved in DSS scores).*>™’ Results from a pilot
RCT of 20 patients conducted in the US suggested that a
shorter 5-day course of self-administered RCI given either
IM or SC resulted in improvement in EDSS scores versus
baseline.*® Occurrence of severe AEs in the RCI studies
was limited, and no SAE occurred. The most common AE
was acne; however, incidence of this or other common
AEs was not reported.*” None of the RCI studies reported
QOL information.

IVIG could not be assessed as monotherapy versus
baseline for acute MS relapse. Notably, two RCTs identi-
fied investigated the efficacy of IVIG as an add-on to
IVMP in treating MS relapses.*'** In evaluating efficacy
observed between treatment groups (Table 11), limited
differences were seen in EDSS scores following treatment.
Data on AEs showed that IVIG was well tolerated.*' No
QOL data were available for IVIG.

PMP also could not be assessed as monotherapy.
Efficacy was indirectly measured by observation across
treatment groups; PMP was given with RCI/cyclophospha-
mide (CFX) in one study**** and with IVMP followed by
OPT in another.> PMP given with RCI plus CFX
enhanced recovery from an acute MS relapse compared
with the control arm (placebo given with RCI plus CFX).
The addition of PMP to IVMP followed by OPT showed
clinical improvement at 3 months, but this was not sig-
nificant at 2 weeks.*?

Given the larger evidence base and lower cost of corti-
costeroids, IVMP has a place as first-line treatment of
acute MS relapses in eligible patients. For those patients
who do not respond or cannot or should not receive first-
line treatment with IVMP, alternative treatments are
required. Compared with PMP and IVIG, RCI is the next
line of treatment with RCT data supporting its individual
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efficacy and safety as a monotherapy for acute MS relapse.
Data for PMP and IVIG are limited to studies in which
these treatments are combined with other therapies.

Recent research supports a different mechanism of
action for RCI as compared with IVMP. It has been
shown that the efficacy of RCI in immune-mediated dis-
eases may not be solely due to steroid production; admin-
istration of RCI was shown to result in a significantly lower
overall serum cortisol-equivalent exposure versus [IVMP.>*
Nonclinical evidence suggests a potential role for melano-
cortin peptides, including ACTH, on inflammation and the
immune response in both the peripheral and central nervous
system that may be independent of endogenous cortisol
production.>® Considering this evidence, RCI may be appro-
priate for consideration in patients for whom IVMP is not
appropriate given a unique mechanism of action. Recent
studies have aimed to characterize patients eligible for RCI.
Patients receiving RCI tend to be older, have had MS for a
longer duration, and have more functional and neurological
impairments, despite use of disease-modifying therapies.
Thus, results support the efficacy and tolerability of RCI
as a treatment for MS relapse.>*

Study limitations
In this report, we present results from RCTs only, which
lack generalizability for application in the real-world set-
ting. Treatments of interest not studied in RCTs may have
been underrepresented.

Differences were seen in outcomes reported, assess-
ment time points, heterogeneity in patient populations,
geographies, and treatment regimens (eg, dose and dura-
tion) assessed, between studies conducted in the US versus
in countries other than the US, as well as within the US. It
was therefore difficult to compare results across studies or
summarize results descriptively, and generalizability may
have been impacted. Considering studies for IVMP were
exclusively conducted in countries other than the US,
applicability to the US setting may be particularly proble-
matic in this case. Further, many studies (n=10) included
in this SLR had sample sizes of fewer than 30 patients,
which may also impact generalizability of results.

We focused on the EDSS in this SLR, a standardized
assessment of efficacy in MS relapses, as it was used
across the studies identified. However, limitations do
exist in the way it is used in different studies.’” In the
context of evaluating recovery from relapse, establishing a
baseline prior to relapse is necessary for later determina-
tion of the extent of recovery; it is not sufficient to simply

calculate the change in EDSS score from the assessment
during the relapse to the assessment after the relapse.
Further, it is important to provide a definition for clinical
significance of EDSS score change, which was absent in
numerous studies. We aimed to mitigate this limitation
when possible by applying a standard definition of EDSS
clinical significance; however, this definition is dependent
on the availability of baseline results and could therefore
not always be applied. In these cases, authors’ interpreta-
tions were used. Differences in the timing of post-relapse
follow-up assessments can affect the degree of symptom
improvement or residual disability observed. Finally, some
evidence suggests that a lack of agreement exists between
EDSS scores and patients’ perception.””

Efficacy results versus baseline were not available for
IVIG or PMP alone, as these were combined with other
treatments in the studies identified in this SLR. In these
cases, cross-arm comparisons were used to determine
efficacy.

A further limitation consists of the definition of acute
relapses in the studies. Many studies presented here did
not define relapse, which further hinders study compari-
sons. As such, further efforts towards consistently defining
and characterizing acute MS relapse is required.

Few studies reported safety outcomes (IVMP and RCI
studies only). In addition, no QOL outcomes were reported
for RCI, PMP, and IVIG. A similar exploration of real-
world studies reporting outcomes for these second-line
relapse therapies should also be aggregated to supplement
these conclusions and to inform targeted evidence genera-
tion efforts.

Conclusions

This SLR, which focused on the highest quality studies
(RCTs) evaluating relapse therapies for acute MS relapse
(IVMP, RCI, PMP, IVIG), revealed several key findings:
First, IVMP, an FDA-approved treatment for MS relapses,
was shown to be a largely effective relapse treatment
option.>* %! Next, while IVIG may be used as a treat-
ment for MS exacerbations, it appears to be of limited
clinical benefit in the studies identified, having no robust
efficacy or safety data to support use as monotherapy in
MS relapse. Similarly, data to support the efficacy and
safety of PMP as monotherapy for MS relapses were
also not available. Lastly, RCI is an approved, well-toler-
ated therapy with demonstrated efficacy in acute MS
relapse. This therapy affords flexibility in administration
compared with other second-line relapse therapies.
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As noted above, the smaller number of RCTs avail-
able for RCI and the absence of those for IVIG and PMP
monotherapy (particularly with regards to safety and
QOL data), as well as the heterogeneity in study out-
comes, assessment time points, patient populations, treat-
ment regimens and acute MS relapse definitions, made it
difficult to formulate conclusions. Robustly designed and
powered studies integrating safety, efficacy and patient-
centered endpoints are needed to supplement the existing
body of information.

Article highlights

e RCTs confirm IVMP and RCI are efficacious for the
treatment of acute MS relapse

e RCI is a well-documented and supported treatment
relative to IVIG and PMP

e The benefit of IVIG and PMP in treating acute relapses
in MS is unclear

e [VMP, RCI and IVIG are well tolerated; no safety data
for PMP are available

e QOL data are only available for IVMP, and show
improvement
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Supplementary material
MEDLINE search strategy

Table S1 MEDLINE literature search strategy, limited to english language

Term group Search | Search terms
#
Population of #l “Multiple Sclerosis”[MeSH] OR “multiple sclerosis”’[Text Word] OR “Multiple Sclerosis, Relapsing-
interest Remitting”[MeSH]
Interventions of #2 “Adrenocorticotropic Hormone”[MeSH] OR ACTH[Title/Abstract] OR A.C.T.H.[Title/Abstract] OR Acthar
interest [Title/Abstract] OR adrenocorticotropic hormone[Title/Abstract] OR corticotrophin[Title/Abstract] OR corti-

cotropin[Title/Abstract] OR adrenocorticotropin[Title/Abstract] OR “Anti-Inflammatory Agents”’[MeSH] OR
“Methylprednisolone”’[MeSH] OR methylprednisolone[Title/Abstract] OR prednisone[Title/Abstract] OR solu-
medrol[Title/Abstract] OR Solu-Medrol[Title/Abstract] OR IVMP[Title/Abstract] OR “Immunoglobulins,
Intravenous”[MeSH] OR intravenous immunoglobulin[Title/Abstract] OR immunoglobulin[Title/Abstract] OR
“Plasmapheresis”[MeSH]) OR “Plasma Exchange”’[MeSH] OR plasmapheresis[Title/Abstract] OR plasma
exchange[Title/Abstract] OR immunoadsorption[Title/Abstract]

Study type (clinical | #3 “Randomized Controlled Trials as Topic”[MeSH] OR “Randomized Controlled Trial”’[Publication Type] OR
trials)® “randomised clinical trial”[Text Word] OR “randomised clinical trials”[Text Word] OR “randomized clinical
trial”’[Text Word] OR “randomised clinical study”[Text Word] OR “randomized clinical study”[Text Word] OR
“randomized clinical trials”[Text Word] OR “randomised controlled trial”’[Text Word] OR “randomized con-
trolled trials”[Text Word] OR “randomized controlled trial”[Text Word] OR “randomized controlled
trials”’[Text Word] OR “randomised trial”’[Text Word] OR “randomised trials”[Text Word] OR “randomized
trial”’[Text Word] OR “randomized trials”[Text Word] OR “random allocation”[Text Word] OR “allocated
random*”’[Text word] OR (random* AND trial*) OR “Controlled Clinical Trial”[Publication Type] OR “Clinical
Trials as Topic”’[MeSH:NoExp] OR open-label trial*[Text Word] OR open-label stud*[Text Word] OR non-
blinded stud*[Text Word] OR “Clinical Trial, Phase II”[Publication Type] OR “Clinical Trial, Phase llI”[Publication
Type] OR “Clinical Trial, Phase IV”’[Publication Type] OR “Multicenter Study”[Publication Type]

#4 #1 AND #2 AND #3
Exclusion terms #5 “Animals”[MeSH] NOT “Humans”[MeSH)]
#6 “Clinical Trial, Phase I”’[Publication Type] OR “Clinical Trials, Phase | as Topic”[MeSH] OR

“Comment”[Publication Type] OR “Editorial”[Publication Type] OR “Letter”[Publication Type] OR
“Guideline”[Publication Type] OR “Guidelines as Topic”’[MeSH] OR “prognostic”’[Text Word] OR animal model*
[Text Word] OR “Case Reports”[Publication Type] OR case report*[Text Word] OR “case series”[Text Word]
OR *“case study”’[Text Word] OR “case studies”[Text Word]

#7 #4 NOT (#5 OR #6) No date limits

#8 #7, limited to English language

Notes: Search conducted May I, 2016. *Please note: the search was initially designed to identify randomized and nonrandomized trials, prospective and retrospective
studies; however, for the purposes of this manuscript, which focuses on RCTs, selection of full texts during level 2 screen was limited to RCTs only. The search strategy for
PubMed therefore reflects this and presents terms for RCTs only.

Abbreviation: RCT, randomized controlled trial.
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