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Abstract

Dimethyl fumarate (DMF] is a widely used oral disease-modifying therapy for multiple
sclerosis (MS). Its efficacy and safety profiles are supported by over a decade of experience.
Differences exist between Asia and Europe/United States in the prevalence and characteristics
of MS; most data for DMF are derived from populations outside Asia. DMF was recently

(2021) approved for use in China. The objectives of this review were to evaluate the evidence
for DMF’s profile, to provide an update to healthcare providers on current knowledge
surrounding its use and to assess the relevance of existing data to use in China. This study
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Biogen-Idec, Cambridge, MA, USA) was approved
for treatment of MS in the United States in March
20131415 and the European Union (EU) in January
2014 (starting with 120 mg oral capsules, adminis-
tered twice daily for 7 days, followed by a twice
daily 240 mg maintenance dose).1%15 In Asia, DMF
was approved in South Korea in July 2016 and in
Japan in December 2016.1%17 DMF has been
approved in other Asian locations including, but
not limited to, India (February 2015), Hong Kong
(March 2016), Singapore (July 2016) and Thailand
(March 2020).18-21 DMF is a widely used oral dis-
ease-modifying therapy (DMT) for MS,?2 having
been prescribed to approximately 580,500 persons
globally in the clinical trial and post-market set-
tings, corresponding to 1,267,327 person-years of
exposure through 30 June 2022 (data on file; pub-
lished 2021 data),?? and was approved for use in
the People’s Republic of China in 2021.3

Although there are more than 13 years of DMF
data, including long-term follow-up from its piv-
otal clinical trials (DEFINE, CONFIRM) and
the long-term extension study (ENDORSE),24-28
comparatively little of this data has been derived
from East Asia.?> It is therefore relevant to con-
sider whether DMF performs similarly in treating
these populations, as elsewhere in the world.

Early treatment of MS with DMT is part of the
strategy to improve patient prognosis. It is impor-
tant to continually assess what is known about dif-
ferent DMTs in the light of additional clinical trials
and post-marketing studies and real-world experi-
ence, to evolve clinical practice. For example, MS
organizations and working groups have demon-
strated the value of updating practice through
agreed statements on the use of DMTs during
COVID-19.2° With the recent approval of DMF in
China, it is an opportune time to review global and
Asian DMF practice. Therefore, the objective of
this work was to use a modified Delphi method to
assess the current use of DMF in clinical practice
and identify considerations relevant for its use
going forward, in China and other countries, so
that these serve as a valuable resource to sharing
up-to-date evaluation of evidence supporting good
clinical practice for treatment of MS.

Methods
This study used a modified Delphi method
(Figure 1) based on the insights of a scientific

Steering Committee (SC). First, a structured lit-
erature review was performed to identify relevant
evidence addressing the question, ‘How is DMF
used in the treatment of MS?’ The literature
review considered results from a PubMed search
(from 01 January 2011 to 21 February 2022)
including the core search terms ‘dimethyl fuma-
rate’ AND ‘multiple sclerosis’ and their MeSH
terms (search strings are detailed in Supplemental
material; literature search strategy in Figure 2).
Additional terms were used to categorize results
into relevant topics.

The main search was supplemented by additional
searches of EMBASE and Citeline. The topics of
interest were categorized as: efficacy, safety, mech-
anism of action, pharmacokinetics/pharmacody-
namics (PK/PD), treatment sequencing, adverse
event (AE) management, infection, progressive
multifocal leukoencephalopathy (PML) risk,
effects on haematological parameters, effects on
organ systems, drug-drug interactions, pregnancy/
lactation, COVID-19 and paediatric populations.

The literature was first screened by title and
abstract by editorial support staff from MIMS
Limited for relevance and quality. Due to the
known level of variation in the formulation of
compounded products,? only papers using com-
mercially produced DMF were included. Quality
was based on the totality of several factors: type of
publication (guidelines > systematic reviews >
meta-analyses > opinion pieces > case reports),
study design (randomized controlled trials
(RCTs) > observational or cohort studies > case
studies; and direct comparisons were considered
superior evidence to indirect comparisons) and
study size (more than 500 participants > fewer
than 500 participants). Funding sources were also
noted. The culmination of these factors was
reflected in an overall evidence rating (high,
medium high, moderate, medium low and low).
Statements were developed based on the evidence
and reviewed by SC members along with the sup-
porting evidence and evidence rating.

The SC comprised 14 expert members (neurolo-
gists) representing clinical expertise from Germany
(n=1), United Kingdom (z=1), Australia (n=1),
Spain (n=2), Japan (n=1), Switzerland (n=1)
and China (n=7). SC members were selected
based on their clinical experience with MS, publi-
cation record and any previous contributions to
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Process Format Statements Experts/votes Examples of statement evolution Qutcomes
- ~ set1
Literatine search PubMed and data extractlon i
= > spreadsheet, source literature & 0
& analysis s
evidence summary
6 Statements
Statement voting form, evidence Early, compared to later, initiation of m Gt
Set 1 topics, and grading; response options: agree, disei,sems difyin SR (no changes)
vote 1 4 agree with revision, disagree, needs 4 ) Py .
discussion and free text greater therapeutic benefit for patients
Meeting to - . " . Early, compared to later, initiation m
discussset1 b Online meeting; all discussion and ( ©f disease-modifying therapy offers 8 Statements 2 Statements
topics TESHER IS greater long-term therapeutic benefit Deleted for vote 3

Statement voting form, evidence
grading; response options: agree,
agree with revision, disagree, remove
statement and free text

Set 1 topics, »
vote 2

T % 2 4%

Statement voting form, evidence

grading; response options: agree,
agree with revision, disagree and
free text

Set 2 topics, »
vote 1

@ Meeting to

discussset2 P
topics

Online meeting; all discussion
and input captured

Statement voting form, evidence

Set 2 topics, > grading; response options: agree,

vote 2 agree with revision, disagree and
free text

Vote 3 on. Voting form of statements with

any requirng response options: agree, agree

agreement from with revision, delete and free text

set 1 or set 2

for patients

=

4 100% agreement on the example
statement revision above

No DMF dose adjustments are a
needed for renal or hepatic impairment,
body weight, age, Asian ethnicity or sex

Y In vote minor text changes suggested, ’
so not discussed at meeting

No DMF dose adjustments are needed
4 for body weight, age, Asian ethnicity,
sex or mild to moderate renal or
hepatic impairment

r’S

Existing strategies for the detection @
of PML should be implemented where
4 clinically relevant; and management
of PML should include consideration
of cessation of immunotherapy

2 Statements
deleted

Interim analysis presented at
PACTRIMS 2022:
22 statements presented

3 Statements
agreed
(no changes)

1 Statement
for vote 3

Vote 3: Sets 1 +2

Final analysis
45 statements agreed
from Sets 1 +2

All voting steps, capturing of input at meetings and incorporation of suggested revisions into the statements were mediated by a third party (medical communications agency),
responses were kept anonymized to the Steering Committee members and study sponsor throughout, negating bias. Unanimous agreement, sufficient agreement and minor

changes or agreement criteria met to remove a statement account for reduced numbers of statements being voted on/discussed in the second vote.

Figure 1. Study flow for this modified Delphi process.

Each topic set underwent voting with thresholds for agreement of =80% and disagreement of <10%. Statements not meeting the criteria were
discussed at one of two online SC meetings for revision. For statements with a response exceeding the disagreement threshold, the second round

had a voting option for statement deletion.

DMF, dimethyl fumarate; PACTRIMS, Pan-Asian Committee for Treatment and Research in Multiple Sclerosis; PML, progressive multifocal

leukoencephalopathy.

MS treatment guidelines. For practicality, topics
were split into two sets: Set 1 topics, for Statements
8-24,29-33 and 40-41, were discussed at the first
meeting and Set 2 topics, for Statements 1-7, 25—
28, 34-39 and 42-46, were discussed at the sec-
ond meeting (Figures 1 and 3). Each topic set
underwent two or more anonymous voting rounds
with thresholds for agreement of =80% and disa-
greement of <10%. Statements not meeting the
criteria were discussed at one of two online SC
meetings for revision (Figure 1).

Voting administration, collation of responses,
collating meeting minutes and statement revision
were conducted by the editorial support team to

negate bias. In addition to ‘Agree’ and ‘Disagree’,
SC members could indicate agreement ‘with revi-
sion’, with suggestions provided as free-text
entries, which were collated for discussion with
highlighting of the incorporated updates (exam-
ples given in Figure 1). Statements discussed dur-
ing meetings were revised and re-circulated for a
second round of voting. For statements with a
response exceeding the disagreement threshold,
the second round had a voting option for state-
ment deletion. After two voting rounds for each
statement set, statements requiring higher levels
of agreement were revised and voted on in the
same round until agreement was reached on either
a revised wording or deletion of the statement.
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Articles identified in PubMed; English filter (n = 965)

Additional sources Removed
« Chair (6) — — + Languages other than English
« Additional database (65) - Duplicates
Title and abstract screening (n = 1030)
Removed

Additional sources
= Additional database (4)

Analysis

Figure 2. Literature search strategy.

Where the level of disagreement was below the
threshold, the statement was included, as such
statements reflect majority opinion, although
not necessarily unanimity. In situations where
practice or evidence differed significantly
between regions, statements about global and
Chinese or East Asian populations are presented
separately.

Results

A total of 965 papers were retrieved with the
search terms and a further 70 distinct references
(one duplicate was removed) were used to sup-
plement the search from additional sources. The
number of participants voting in each round and
the levels of agreement attained are summarized
in Figures 1 and 3, respectively.

In the first round of voting on Set 1 statements
(expressed as per cent responses on total number
of votes received on all statements), there was
81% agreement, 13% agreement with revisions,
3% requesting further discussion at the meeting
and 3% disagreement. The level of overall agree-
ment increased to 88% by the second vote, with a
further 6% agreeing with revisions (4% disagree-
ment and 2% suggested deletions).

For the Set 2 statements, at round 1 there was
70% overall agreement, 17% agreement with
revision and 12% disagreement. After the second
vote there was 94% overall agreement on the

_,\_.

« Articles on mass spectrometry

+ Non-clinical studies.

+ More focus on psoriasis and only
minor mention of multiple sclerosis

+ Not relevant to topics of interest

Full text screening and analysis (n = 492)

statements, 5% agreement with revision and 1%
disagreement.

The most common reason for disagreement in
both sets was a perceived lack of supporting evi-
dence. Agreement with revision was typically for
the correction of language-related issues such as
simplifying wording. In total, 45 statements were
finally included (Figure 3).

Mechanism of action

Two statements were proposed on the mecha-
nism of action of DMF. DMF’s effects on the
immune system are complex and multi-faceted
(Figure 3, Statements 1 and 2); DMF influ-
ences both B cell and T cell populations and
pro-inflammatory cytokine production to
reduce inflammatory activity.?!-37 One of the
main pathways of activity of DMF is via nuclear
factor erythroid 2-related factor 2 (Nrf2),
which has anti-oxidative and anti-inflamma-
tory effects.!3:38-42 The anti-oxidative and anti-
inflammatory effects of the Nrf2 pathway may
contribute to the cytoprotective abilities of
DMF.3%3% DMF may prevent demyelination
and axonal loss through reduction in pro-
inflammatory reactive astrocytes.*?> Changes in
immune cell populations, including a reduc-
tion in pro-inflammatory Thl7 cells and
increase in Th2 naive/anti-inflammatory cells,
induced by DMF produce a net shift away from
a pro-inflammatory immune state.** Reductions
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in memory T and B cells similarly reduce over-
active immune responses and the resulting neu-
ronal damage in MS.36:44

PK/PD and dosing

Upon ingestion, DMF is rapidly metabolized to
monomethyl fumarate (MMF), which can cross
the blood-brain barrier to exert its effects
(Figure 3, Statements 3-6).3940:45 MMF does
not accumulate in the body, owing to a short
terminal half-life of ~1h.%> A high-calorie and
fat-rich meal delays T,,,, by hours and reduces
C,.x by approximately 40%.45 However, area
under the curve is not affected by taking DMF
with a meal, which enables DMF to maintain
efficacy, while reducing side effects.!%4> The
impacts of having a meal on 7,, and C_,,
reduce both gastrointestinal (GI) AEs and flush-
ing, thereby alleviating DMF’s most common
undesired effects.*6:47 Patients with severe renal
or hepatic dysfunction were excluded from the
pivotal clinical trials of DMF. However, neither
condition is expected to influence the level of
exposure to MMF.10,12

Situation in China/East Asia. The studies in East
Asian patients used the same dose regimen and
reported a consistent AE profile for DMF, as the
pivotal trials, which largely included Caucasian
patients.!%48-50 No change in dosing is required
for this population.

Efficacy statements

Three efficacy statements were included (Figure 3,
Statements 7-9). The overall level of evidence for
the efficacy of DMF was considered high, albeit with
varying ratings for individual parameters. For relapse
rate/annualized relapse rates (ARRs), radiological
evidence of disease activity and disability progres-
sion, the data are derived from several large RCTs,
meta-analyses and systematic reviews,25-28:49,51-53
and have been incorporated into guidelines from
all major MS organizations, including in
Japan.16:54-56 The pivotal clinical trials most con-
vincingly demonstrated improvements in relapse
rate/ARR with DMF treatment.?52% Long-term
data support that DMF treatment results in reduc-
tions in disability progression, with few overall
relapses, but members of the SC considered this
to have less strong support than the stated effects
on ARR.>7 Radiological evidence of disease activ-
ity is perhaps the least well-supported parameter

of this set, given more variability in magnetic res-
onance imaging (MRI) assessment across centres
and studies and therefore a lower quality of evi-
dence.5! Despite the varying level of evidence for
different aspects of efficacy, the overall position of
the SC is that data exist for improvements on
each of these parameters.

The importance of initiating a DMT soon after
diagnosis is highlighted in several international
guidelines>®»55 and is supported by convincing evi-
dence from both individual trials (including DMF
specifically) and reviews.?®%0 The SC noted the
strong evidence for this statement and encourages
early, appropriate initiation of a DMT.

Serum neurofilament light chains (sNFLs) are a
marker of neuroinflammation and are thought to
represent a proxy measure for axonal damage in
MS.¢! sNFL is reduced by DMTs in MS,%? and
lower baseline sNFL levels in a small (z=80)
observational trial predicted a greater response to
DMF treatment, assessed by achieving no evi-
dence of disease activity (NEDA) and reducing
effector immune cells.®! The study concords with
a slightly larger trial (z=127) which showed that
DMEF reduced NFL in the blood and cerebrospi-
nal fluid (CSF) of treatment-naive patients and
could normalize the CSF levels in 73% of partici-
pants.®®> As a comparatively new outcome measure
with limited use in clinical practice, sSNFL rele-
vance for prognosis or disease outcomes requires
further research. Nonetheless, DMF has shown
some effects on this marker, and it may be a
potential proxy measure for treatment response
or prognosis.

Situation in China/East Asia. Evidence for effi-
cacy of DMF in the East Asian population comes
primarily from Japan, which contributed the
majority (80%) of the East Asian population
(n=142) in the APEX study, followed by South
Korea (14%).4%4° A post hoc sub-analysis of
Asian data from Fox er al? has also been per-
formed, confirming treatment efficacy and posi-
tive benefit-risk balance. In general, treatment
results are similar between East Asian and Cau-
casian/rest-of-the-world populations, although
there is lower incidence of MS but potentially
poorer prognosis in Asian populations, possibly
due to increased frequency of spinal lesions in
this population and incomplete resolution of first
attacks. There is no predicted difference for Asian
populations which would lead to preferring later
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treatment initiation, and considering a higher
potential first-year relapse rate and poorer prog-
nosis,2%* it may be high priority to initiate treat-
ment of Asian patients early in the clinical course.
Many patients with MS in China do not initiate a
DMT at the earliest opportunity? for reasons of
cost,? perception of the condition as ‘mild’ and
the advice of neurologists and other healthcare
professionals.?* The treatment pattern in China
continues to evolve, with early diagnosis and sus-
tained use of DMT's during periods of remission
becoming more common.3

Haematologic parameters and infection risk

Seven statements on haematological parameters
and infection risk achieved agreement (Figure 3,
Statements 10-17). In general, the risk of lym-
phopenia with DMF was recognized — but also
that this did not translate to a substantial increase
in risk of infections. Very rare occurrences of
PML warrant clinical vigilance.

Lymphopenia. DMF studies consistently show a
~30% decline in mean absolute lymphocyte count
in treated patients, which typically stabilizes
within 6—12 months of treatment initiation.48:65-67
Lymphopenia is a risk factor for (serious) oppor-
tunistic infections and associated mortality in the
general population.%%:%° For this reason, it is
important to monitor lymphocyte counts in
patients receiving a therapy which may induce
lymphopenia, such as DMF.7%7! However, the
degree of lymphopenia induced by DMF has not
been associated with increased incidence of seri-
ous infections,*0%72 despite some case reports
and database review findings of opportunistic
infections.%%73-80 Degree of lymphopenia has also
been proposed by some to predict better responses
to DMF, as a proxy measure for a less overactive
immune response and pro-tolerogenic pro-
file,44:70,71.81.82 but most of the data have come
from relatively small studies. The data are equivo-
cal, as some studies (e.g. Longbrake ez al.31)
including larger controlled trials have found no
relationship between lymphopenia and therapeu-
tic efficacy of DMF.31-4%65 It has also been deter-
mined that CD4" and CD8* T cell counts
correlate with absolute lymphocyte counts, sug-
gesting that separate monitoring is not required.®”
After treatment discontinuation, most patients
with lymphopenia experience recovery of lym-
phocyte count; the extent and duration of lym-
phopenia influence the time required to attain

this.83 In the opinion of the SC, the data are insuf-
ficient to conclusively link lymphopenia with
therapeutic efficacy, and lymphopenia is not rec-
ommended for use as a prognostic factor.

Vaccination response. Potential suppression of
the immune system by DMTs is a risk factor not
only for infections but also for a blunted response
to vaccination, resulting from a reduced humoral
and/or cellular response.?%:8485 The PROCLAIM
study assessed immunoglobulin levels in patients
initiating DMF and found no impact of DMF on
immunoglobulin levels.#* Similarly, immune
response to vaccination was found to be similar
between DMF and interferons.?%87 The SC there-
fore supports the conclusion that DMF does not
interfere with vaccination.

Tuberculosis. Active tuberculosis infections need
to be excluded before starting DMF treatment. In
the EU/European Economic Area (EEA), tuber-
culosis has been estimated to occur at approxi-
mately 9.6 cases per 100,000 population (2019).88
In comparison, the rates in China are estimated to
be as high as 58 per 100,000 population, with sub-
stantially higher rates of latent infection (2019).8°
In general, screening for latent tuberculosis may
be considered before initiating DMF;%0-92 how-
ever, DMF is not one of the DMTs for which
screening is mandatory.?%-93 The risk for reactiva-
tion of latent tuberculosis infection appears to be
low,%1:93:94 and the decisions regarding testing ulti-
mately lie with the treating physician.

Progressive multifocal leukoencephalopathy. Sev-
eral DMTs have been associated with PML,
caused by reactivation and viral replication of
John Cunningham Virus (JCV) in glial cells,
which then causes demyelination.?3:95:96 PML is
very rare and, in the cases that exist, occurs more
commonly in immunocompromised patients.%>
As of 1 September 2022, there have been 12 cases
of PML reported in approximately 580,500
patients treated with DMF, a rate of ~1/50,000
patients (0.9/100,000 patient years of DMF expo-
sure)?39 (data shown: on file; previous data
referenced).?3

Prolonged Grade 3 lymphopenia is a risk factor
for PML and a reason to discontinue DMF
therapy.2%%7 Based on reported trial data, it is
estimated that around 5-10% of patients treated
with DMF will experience Grade 3 lymphopenia,
and 2.2% of patients will have prolonged
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(=6months) Grade 3 lymphopenia.®>-°¢ How-
ever, only a few cases have been reported of
patients experiencing complications from pro-
longed severe lymphopenia.63:97:9%100 Age =50
years is another risk factor for PML; however,
neither age =50years nor severe prolonged lym-
phopenia are absolute identifiers of those at
increased risk of PML, with recorded case reports
in patients without these characteristics.95,101-103

Closer monitoring of patients with a higher risk
of PML is recommended. This includes moni-
toring for lymphopenia?3:2° and regular (every
6—12months) MRI scans.!®103 Discontinuing
the suspected causative agent is recommended
when patients develop PML.104

Situation in China/East Asia. The high incidence
of latent tuberculosis infection in China®%1%5 and
infrastructural challenges in the availability of
testing pose a practical obstacle to implementing
routine screening before initiating DMF. How-
ever, as the risk of reactivation is considered very
low,91:93:94 the recommendation for China is that
screening for latent infections is nor mandated.

Through the risk stratification process for PML
with natalizumab, clinicians in China may be
aware of the use of the JCV antibody index. Based
on high JCV antibody positivity detected in MS
patients from Hong Kong, JCV seropositivity is
expected to be high in China.!°® However, JCV
seropositivity does not play a role in risk stratifica-
tion for DMF. For clinical practice in China, it is
important to note that JCV index testing is not
required with DMF; age and lymphopenia are
sufficient criteria for determining PML monitor-
ing.16:29:95 (Clinical vigilance for this condition
remains very important, despite its rarity.

Comorbidities, organ function and cancer risk

Four statements on comorbidities and organ
function were approved, mostly with a focus on
cardiovascular and hepatic safety (Figure 3,
Statements 18-22). As MS causes progressive
disability, patients are encouraged to maintain a
healthy lifestyle, including a balanced diet com-
bined with an exercise programme at a tolerable
level.107 Patients with MS are at higher risk of sev-
eral forms of cardiovascular disease, including
myocardial infarction and heart failure.!8 DMF
is not associated with cardiovascular AEs such as

arrhythmia or hypertension and is unlikely to
contribute to cardiovascular morbidity in patients
with MS. 109110

Drug-induced liver injury is a recognized risk
for patients receiving DMTs for MS.111
Alanine transaminase (ALT)/aspartate
aminotransferase (AST) elevations have been
reported in major trials of most DMTs, includ-
ing DMF.25:26,48,50,112,113 \{/ith DMF, persistent
or severe ALT/AST derangement or discontinu-
ation due to liver toxicity occurred in <1-2% of
clinical trial participants.?8112 Post-marketing
evidence has identified ALT/AST elevation as
relatively common; however, outright liver injury/
hepatotoxicity has been recorded in very few
DMPF-treated patients (n=4-14).10%112 In light
of the low risk of liver toxicity with DMF, peri-
odic laboratory testing (up to regular 6-monthly
testing) is sufficient to monitor for liver toxic-
ity.2%112 To date, the number of reported cases of
hepatotoxicity with DMF is limited to 14, plus
one case of acute hepatitis E virus infec-
tion.112114115 Of those 14 cases, the earliest ele-
vations of ALT/AST were recorded shortly after
treatment initiation; liver injury was mild (six
patients) or moderate/severe (eight patients) and
there were no cases of liver failure.!15

In patients with liver disease, DMF may be used
with caution, at its normal dosage, as it is metabo-
lized independently of the cytochrome P450 sys-
tem.!12 Any risk of exacerbation or reactivation of
hepatitis B virus (HBV)/hepatitis C virus (HCV)
infection is mitigated in part by screening for these
infections before initiation of most DMTs.!12

Situation in China/East Asia. HBV and HCV are
more common in China than in the EU,!16 mean-
ing that the requirement to screen for these viruses
may yield positive results more frequently. With
positive results, antiviral therapy and adjustments
to the initiation of DMT should be considered;
specialist assistance from hepatology or infectious
disease colleagues is required to determine the
appropriate course of action.!12

Cancer risk. A single statement was proposed for
cancer risk (Figure 3, Statement 23). An increased
risk of malignancy in patients with MS has been
investigated repeatedly, including in those with
long-term use of DMTs.117 Overall, the malig-
nancy rate in patients treated with DMF is similar
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to age- and sex-matched individuals without
MS.118 Duration of DMF treatment was con-
cluded as a risk protective factor against neo-
plasms, in a small Spanish study.!l® Recent
database analyses have produced conflicting
results, with one finding no evidence of an
increased cancer risk!2? and the other being the
first publication to find an increased risk of neo-
plasm with DMF.12! Consequently, it may be pru-
dent to be vigilant in checking for cancer in
DMPF-treated patients, but this does not yet sup-
port a malignancy rate higher than the general
population.!18

Treatment initiation and decision-making

Location and licencing determine the permitted
indications for DMF. If permitted by the local
label, DMF can be used in both patients with
relapsing-remitting multiple sclerosis (RRMS) and
patients with clinically isolated syndrome (CIS).12
The efficacy and tolerability of DMF are well bal-
anced, and it is suitable as an initial ther-
apy.27,28:122-132 The SC proposed four statements
on this topic (Figure 3, Statements 24-27).

Early-in-treatment challenges with tolerability are
the largest reason for the discontinuation of
DME.133:134 To mitigate the risk of AEs, a more
gradual up-titration to the target dose may be con-
sidered for up to 4weeks.1%:135-137 It is important
to note that the full dose is required for efficacy.
Positive relationships between healthcare provid-
ers and patients are an important part of goal
setting, partly through enhancing adherence. Self-
management by patients may be improved by par-
ticipation in a shared decision-making process.!38
Treatment selection will partly depend on the
goals of the patient.!38-141 These aspects of positive
patient relationships may help to enhance tolera-
bility when starting a new therapy. As treatments
for MS have advanced, the achievable treatment
goals/targets have evolved. NEDA-3 (no relapses,
no new radiological evidence of disease activity, no
disability progression) is the current benchmark
proxy for best disease control.l42-145 It may be
beneficial to explain this as a target to patients as
part of the goal-setting process.

Treatment switching

Five treatment switching statements were approved
(Figure 3, Statements 28-32). Evidence for
the profile of DMF was initially established in

comparison with both placebo and glatiramer ace-
tate in the DEFINE, CONFIRM and ENDORSE
trials.25-28:113 ENDORSE re-randomized patients
previously treated with glatiramer acetate to DMF,
with similar efficacy and tolerability results to those
reported in treatment-naive patients.2®6 Qutside
pivotal clinical trials, these findings are further
supported by observational studies of patients
switching from other first-line therapies to
DMF.122,124,132,146-151 Baged on these results, hori-
zontal switching, especially from injectable thera-
pies, is a viable use of DMF.

Early (versus later) initiation of an effective DMT
is linked to better long-term outcomes for patients
with MS (see efficacy statements, Figure 3,
Statements 7-9), exemplified by achieving
NEDA-3 with DMF.49:5455:58,151 T'reatment iner-
tia may delay switching, and latency to initiation
of an effective therapy may result in poorer out-
comes, meaning that in addition to initiating
DMTs early, switches should be considered if a
therapy has proved intolerable or has shown a
lack of efficacy in the judgement of the treatment
team.29’142

When switching to a new therapy it is important to
consider its characteristics, to properly prepare the
patient for the switch.>®¢ The most common AEs of
DMF treatment are GI symptoms and flush-
ing.26:46:152 Discontinuation of DMF is more com-
monly attributable to tolerability issues (68% of
discontinuing patients cited this as the main rea-
son for discontinuation) than to a lack of efficacy
(15% of patients).!3%153 However, a study of 886
patients in Spain reported similar rates of DMF
discontinuation as a consequence of AEs and lack
of efficacy (13.2% and 13.5% of patients, respec-
tively).133:150 Side effects resulting in discontinua-
tion most commonly occur early in treatment,153:154
suggesting that particular attention can be paid to
mitigating AEs and promoting tolerability in the
early period of treatment. Rarely, discontinuation
may be due to lymphopenia. As a general princi-
ple, if a therapy is discontinued for a particular
AE, switching to a therapy with a similar AE pro-
file may not be the most appropriate choice. With
DMF, limited evidence from a small observational
study has suggested that lymphocyte counts may
not recover in patients who discontinued therapy
and switched to other lymphodepleting agents,
because of lymphopenia.!>> Out of caution, such
switches should be avoided if possible. A United
States study reports that most patients who
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discontinued DMF with lymphopenia experi-
enced lymphocyte count reconstitution.83

Situation in China/East Asia. In China, as many as
58% of patients do not initiate DMTs upon their
diagnosis of MS.3 The reasons include cost, a his-
torical lack of available DMTs and low patient
acceptance of therapy for what they may errone-
ously perceive as a ‘mild’ condition.* Many
patients will therefore be initiating DMF treat-
ment while DMT-naive. There are no contraindi-
cations to initiating therapy with DMF based on
prior steroid or other therapies,!%12 but the timing
of initiation may depend on satisfactory condition
of the patient, as judged by the neurologist, for
example without lymphopenia from corticoste-
roid or azathioprine use.

Adverse event management and tolerability

As with treatment initiation, important consider-
ations for AE management and tolerability are
counselling, shared decision-making and mitiga-
tion strategies (Figure 3, Statements 33-36).
Forward planning, counselling and expectation
setting all assist adherence with DMF by improv-
ing tolerability.46:136,137,156,157 Inyolving patients in
goal setting and integrating their preferences into
therapy management is beneficial for initiating
DMTs in MS. 136,156

Mitigation of AEs primarily involves either GI
symptoms or flushing.*® Symptomatic therapies
for GI AEs include proton pump inhibitors, anti-
histamines and assorted other agents for nausea
such as metoclopramide, domperidone, diphen-
hydramine and dimenhydrinate.46-135 Gradual
up-titration (over 4weeks) or temporary reduc-
tions in dose when an AE is encountered help to
mitigate the risk of discontinuation.!3%:137 The
goal is still to achieve the full dose, consistently,
as it is required for efficacy.*® Taking DMF with
food continues to be recommended to mitigate
GI AES.136’157’158

For flushing, aspirin (75-325mg) daily, or
every second day, can be used typically as pre-
treatment 30min before DMF.11:46,136,159,160
Antihistamines are only rarely required but can
also be used.!3%:137 Metoprolol, acetaminophen,
ibuprofen, cosmetics and counselling have
been used for flushing by at least one respond-
ent in a consensus statement.4°

There have been few reports of hypersensitivity in
the literature, despite large numbers of patients
treated with DMEF.161-165 Where they have
occurred, management has shown a response to
steroid and antihistamine treatment.

Concomitant therapies

Two statements summarize DMF use with symp-
tomatic treatment (Figure 3, Statements 37 and
38). Corticosteroids are commonly used in the
treatment of acute relapses in patients with
MS.16:54145 While DMTs aim to avoid relapses, if
they occur it is important that the DMT does not
prevent acute or symptomatic therapy from being
undertaken. DMF has no known drug-drug inter-
actions,10-12:166 including with single doses of
interferon beta-l1a (IFN-bla) and glatiramer ace-
tate, or aspirin. The former characteristic facili-
tates switching, whereas the latter facilitates
symptomatic mitigation of flushing symptoms.46
GI adverse effects and flushing are the most com-
mon side effects with DMF.4¢ Symptomatic ther-
apies such as antihistamines (flushing), proton
pump inhibitors (GI) and aspirin (flushing),
among others, can be used to mitigate these AEs
and improve tolerability.46-137:152 Agpirin mitigates
flushing without increasing GI AEs.159

In total, the lack of drug-drug interactions means
that AEs and relapses may both be managed with-
out concern for the patient’s DMF use.

COVID-19 and vaccinations

The use of DMTs during the COVID-19 pan-
demic has been an important and vibrant topic of
clinical consideration. The SC considered two
statements on this topic and was aligned with rec-
ommendations from numerous societies world-
wide (Figure 3, Statements 39 and 40). First,
patients treated with DMF have not shown an
increased risk of severe COVID-19 infection.!67 It
is recommended that DMT selection should con-
tinue to be based on the activity and severity of
the MS?° and that the risks from MS outweigh
those of COVID-19 in most cases.8%108169
Patients with MS may experience a diminished
response to vaccines, depending on the DMT
which they are receiving and its mechanism of
action.2%:8%:170,171 The patient response to vaccina-
tion, including for COVID-19, has been found to
be intact during treatment with DMF, and the
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AE profiles of the influenza and COVID-19 vac-
cines have not been shown to be influenced by
DMEF.29:87.172,173 DMF does not interact with vac-
cines for COVID-19 and patients taking DMF
should continue therapy, independent of vaccina-
tion timing.2%167 Data attained with influenza
vaccination suggest that vaccine use does not
increase the risk of subclinical disease activity in
DMPF-treated patients.8”

Pregnancy/lactation

Overall, the lack of accumulation of DMF/MMF
makes it suitable for use in proximity to pregnancy,
although it should still be discontinued during
pregnancy (Figure 3, Statements 41-44).

DMF has shown some developmental toxicity at
clinically relevant doses in animal studies but not
in human populations.174180 In the United States,
DMEF is pregnancy category C, meaning it should
be discontinued when a patient wants to become
pregnant.10-12,55175 In humans, there is no evidence
of reduced fertility or increased risk of congenital
malformation or miscarriage rates with inadvertent
exposure to DMF in pregnant patients within the
first trimester.174-180 Clinical evidence is limited,
meaning that the characteristics of DMF’s formu-
lation contribute to its recommended use. Namely,
DMF does not accumulate, so no washout period
is required before patients who have been treated
with DMF wish to attempt pregnancy.!8!

There are very few published works considering
the issue of DMF during breastfeeding. Any
potential use of DMF during breastfeeding will
need to balance the benefits and potential
risks.10-12,182 The primary active metabolite of
DMF (MMF) has been detected in small quanti-
ties in breast milk in a small case study of two
lactating patients.!83 The authors concluded the
risk to the infant was likely to be low, considering
the low concentration levels, but there is too little
evidence to be confident in this regard.183

Aside from pregnancy and breastfeeding, avoid-
ing pregnancy via contraception may be influ-
enced by DMT choice. Norgestimate/ethinyl
estradiol oral contraceptives have been studied in
a small RCT in combination with DMF, without
impact on the efficacy or tolerability of either
class of agent.1%¢ These study findings accord
with the DMF prescribing information, which
indicates no drug-drug interactions.!0-12 A United

Kingdom consensus on MS and pregnancy also
advises that DMF does not reduce the effective-
ness of hormonal contraception.17®

Situation in China/East Asia. The DMF prescrib-
ing information in China notes that there are no
adequate data on developmental risk in pregnant
women.!? The evidence above suggests that ther-
apy should not be continued during pregnancy
and that discontinuation of DMF can occur close
to pregnancy confirmation and does not need to
be stopped (washed out) for a long period in
advance of attempts to become pregnant.!8! For
breastfeeding, the Chinese label agrees that the
risks and benefits of treatment on the mother and
the breastfed infant should be considered when
making treatment decisions. Family planning and
fertility are very important considerations for
female MS patients in China, but no differences
in practice with DMF are likely based on the gen-
erated data.

Paediatrics

DMEF has only limited data in paediatric popula-
tions, with trial data generated only from the
FOCUS and CONNECTED studies of ~20 pae-
diatric patients. In these trials, DMF performed
similarly as in adult populations in terms of both
efficacy and tolerability (Figure 3, Statement
45).184185 Tn the FOCUS trial, AEs that were
common with DMF in paediatric patients
included headache (=4, 18%), dysmenorrhea
(n=2, 9%), GI disorders (n=12, 55%) and res-
piratory, thoracic and mediastinal symptoms such
as cough (n=3, 14%) and upper respiratory tract
infection (n=2, 9%).18* Data from a limited num-
ber of case reports, cohort studies and retrospec-
tive observational studies support the similarity of
DMF performance in paediatric and adult popu-
lations (Figure 3, Statement 45).186-189 The
CONNECT study, a phase III open-label rand-
omized clinical trial of DMF (nz=78) against
IFN-bla (n=72), has recently shown that DMF
was well tolerated, with favourable MRI and
adjusted ARR for DMPF-treated paediatric
patients;!°0 noting it was published after this arti-
cle’s evidence review and it will be considered
more completely in future work.

Discussion
More than half a million patients have been
treated with DMF since its launch in 2013 (data
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on file).23 The statements agreed in this article
were generated by reviewing over a decade of lit-
erature on DMF, spanning the original pivotal
clinical trials through to the most recent post-
marketing data. The data for DMF have remained
largely consistent over time.2° In terms of safety,
no new signals have emerged since existing
reviews. A small number of PML cases have
accumulated, but the condition remains very rare
(data on file).%5 The expert opinion of the SC,
therefore, supports the positive efficacy and safety
profile of DMF as a first-line and switch therapy
agent in patients with RRMS and, if permitted by
the local label, CIS.

The most recent estimates of MS prevalence in
China are 2.39 per 100,000, meaning a potential
MS population within the country of more than
34,000.3 This represents a large new population
of patients who could potentially be exposed to
and/or benefit from DMF.

Despite over a decade of experience with DMF,
data from ethnically Chinese populations comprise
a small fraction of the existing data,> which
presents challenges for understanding how DMF
will be used in practice in this country.48 Post-
marketing data from within China will be valuable
for further understanding the characteristics of
DMEF in this population. Important differences
within China may include the background preva-
lence of relevant diseases such as hepatitis and
tuberculosis,8%:116 differences in the MS treatment
armamentarium available, prevailing practices on
patient acceptance of DMTs and healthcare pro-
fessional attitudes towards MS management and
its relative importance as a rare disease.> Monitoring
infrastructure for serial (follow-up) neuroimaging
and/or serology for hepatitis and tuberculosis may
also be impacted by regional differences in availa-
bility and implementation priority.

The possibility of drug interactions with as-yet-
unidentified Chinese medicine products cannot
be categorically excluded, and the real-world use
patterns of DMF along with the Chinese diet and
cultural practices regarding traditional medicine
will be a source of new data following its increased
use in the country. Nonetheless, with the evi-
dence generated to date, it is anticipated that
DMEF will behave similarly in the Chinese popula-
tion as with the rest-of-the-world population. This
is consistent with the confidence of the Chinese
regulatory agencies in approving DMF for use in

MS treatment,!? based on similar predictions of
maintained safety and efficacy in the population.

Obstacles to rational uptake in China will be confu-
sion regarding the monitoring and testing require-
ments; for example, about whether JCV and latent
tuberculosis testing need to be conducted. It should
be made clear that neither JCV nor latent tubercu-
losis testing needs to be performed. Despite this, it
is important that clinicians remain vigilant for PML
risk alongside any other AEs.

The panel considered additional statements on
the role of the gut microbiome in the aetiology of
MS and potential influence on DMF efficacy but
found insufficient evidence to proceed. This will
be a topic of interest in the future as more evi-
dence accumulates.!®-193 Similarly, data from
paediatric populations and in patients who are
pursuing pregnancy or who are breastfeeding are
also sparse; it is hoped that more data will be gen-
erated in these groups.

Thus, the limitations of the study include the spar-
sity of data in Asian patients as well as the level
and quality of evidence in some areas, making it
difficult to make conclusive recommendations on
those topics. As more patients in China are treated
with DMF and more experience is gathered, a
repeated analysis and update of the information
presented here should be conducted.

This project revealed a consistency of data sug-
gesting DMF remains a valuable part of the MS
treatment armamentarium. This evidence sum-
mary hopes to clarify all relevant aspects for more
effective use in China.

Conclusion

A decade of experience with DMF continues to
support its positive efficacy and safety profile in
treating patients with MS. Although there is a
paucity of high-quality evidence from China
itself, the limited data that exist from East Asian
populations support a similar profile and suggest
that DMF will be a valuable addition to the MS
therapeutic armamentarium and will help address
unmet treatment needs in China. This review of
the most recent and extensive previous literature
to form conclusive summary statements is aimed
to provide a relevant overview to all clinicians
treating patients with MS, with the aims of opti-
mizing care and patient outcomes.
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