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Oral immunomodulators are an option in the first-line treatment of
relapsing-remitting multiple sclerosis (RRMS) in patients unable or
unwilling to tolerate the injectable beta interferons or glatiramer acetate
(GA). Management of early RRMS agents can be individualized with these
first-line options or when de-escalation is being considered. For most
patients, an oral immunomodulator provides a reasonable, effective, safe,
and appropriate option.
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The Principle of Inmunomodulators

Following the diagnosis of multiple sclerosis (MS), the
disease course is variable, ranging from extended
periods of dormancy to frequent and highly symptomatic
relapses associated with accelerated disease
progression. High-efficacy therapies, including targeted
immunosuppressive agents, have expanded options for
those with aggressive disease. For those with early
RRMS and milder disease activity or burden, first-line
immunomodulators remain a reasonable option for their
favorable benefit-to-risk ratio.

Based on progression observed in clinical trials, it
has been variably estimated that 10% to 34% of RRMS
patients have highly-active disease early in their disease
course,' leaving the majority with intermittent relapses
and no immediate sustained progression.

In a survey of 26 studies, 30% of RRMS patients had
an Expanded Disability Status Scale (EDSS) score
of <3 at 10 years.? In a Canadian study that followed
such a cohort of patients, 52.1% still met this definition
when followed for an additional 10 years.? These are
important retrospective observations that are relevant
to treatment choices in patients with newly-diagnosed
MS. Pragmatically, patients are often treated with first-
line agents if one is adopting the “escalation” model, as
the ability to predict the rate of progression to disability
during the early phase of RRMS can be limited. At this
stage, activity in most patients remains low, making
effective but well-tolerated agents attractive.

Eventually, most RRMS patients transition to secondary
progressive MS (SPMS) despite treatment.® The risk
of eventual progression provides a rationale for an
“induction” model in which early use of potent but
often less well-tolerated therapies are used in place
of first-line RRMS agents. For this reason, first-line
immunomodulators still have remained a common
option for RRMS patients who do not have aggressive
disease in the early phase.t However, the arguments for
and against escalation versus induction therapy for early
management of MS continue to evolve.

Immunomodulators: Oral versus Injectable

The five immunomodulators currently available for first-
line control of RRMS are interferon beta-1b, interferon
beta-1a, glatiramer acetate (GA), teriflunomide, and
dimethyl fumarate (DMF). The first three of these
agents require injection (Table 1). The latter two are
oral therapies. In addition to the controlled data from
the clinical trials program and the extension studies that
followed, ongoing analyses tracking safety and efficacy
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from a real-world perspective continue to yield evidence
of long-term benefit and safety for all of these agents.

TABLE 1 | Currently Available Therapies for RRMS

Immunomodulators Anti-Trafficking Agents | Immune Cell-Depleting

Agents

Interferon beta-1a (injectable) ~ Natalizumab (infusion) ~ Mitoxantrone (infusion)

Interferon beta-1b (injectable)  Fingolimod (oral) Cladribine (oral)

Glatiramer acetate (injectable) ~ Siponimod (oral) Alemtuzumab (infusion)

Teriflunomide (oral) Ocrelizumab (infusion)

Dimethyl Fumarate (oral)

There are few direct comparisons of oral and injectable
immunomodulators, but indirect comparisons have
been attempted using patient matching. In the placebo-
controlled phase 3 trial of DMF, otherwise known as
the CONFIRM trial, GA was included as a reference
comparator.’ In a post-hoc comparison, the twice daily
dose of DMF was associated with greater disease control
than GA when compared by the annualized relapse rate
(ARR) (P=0.02). Two studies employing patient matching
techniques also suggested superior efficacy for this oral
agent relative to GA on this and other outcomes, such as
disease activity on imaging.®’

In a study that compared teriflunomide to interferon
beta-1a, there was no difference in the 14 mg dose
of teriflunomide and the interferon for ARR or first
occurrence to next relapse, but teriflunomide
was associated with higher scores for Treatment
Satisfaction Questionnaire for Medication (TSQM)." In
a phase 4 study called Teri-PRO, 768 RRMS patients
who were switched to 14 mg teriflunomide from an
injectable disease-modifying therapy were followed for
48 weeks."" When patient satisfaction was evaluated
with the TSQM, there were significant improvements
favoring teriflunomide on all four domains evaluated
(Figure 1). Of these gains, the largest involved the
sense of improved convenience. Based on the evidence
that patient satisfaction drives adherence,”? these
data provide support for an oral immunomodulator
as a reasonable option to injectable drugs as a first-
line therapy.

Exceeding antipathy to needles or fear of pain on
injection, the inconvenience of regular injections has also
been previously linked to non-adherence.’* In the STICK
study, which evaluated 445 RRMS patients on stable
injectable therapy with the TSQM, the average scores
across injectable agents were acceptable overall but
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FIGURE 1 | Teri-PRO: Treatment Satisfaction by TSQM at Baseline and Week 48 in Patients Switching From another DMT
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Adapted from Coyle PK et al. Mult Scler Relat Disord 2017;17:107-15.

P values reflect statistical significance of change in TSQM scores at Week 48 versus baseline and were derived from an analysis of covariance (ANCOVA) model of change from
baseline adjusted for baseline score and baseline EDSS score categorised as ¢3.5 or >3.5. Effect size (ES) was defined as the mean change from baseline divided by the standard
deviation of the change. Cl=confidence interval; DMT=disease-modifying therapy; TSQM=Treatment Satisfaction Questionnaire for Medication
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lower for convenience.” When asked about alternative
strategies for drug delivery, 83% of the participants
stated a preference for once-daily oral therapy over
other dosing strategies.

However, despite the value some patients place on oral
therapies, GA remains a commonly used first-line choice
in RRMS. Although comparative data with other first-
line therapies remain limited, two reviews of published
studies concluded that GA offers comparable protection
against relapses relative to the interferons.'*"” Another
review characterizing the efficacy of GA relative to
DMF for protection against relapses when each was
compared to placebo drew a similar conclusion.” All
three reviews cautioned that GA might be less effective
for inhibiting disease activity measured with MRI but did
not speculate about whether this is meaningful for long-
term outcomes. Overall, GA has proven active and well
tolerated in more than 20 years of clinical experience.
It does not require any special safety monitoring and
poses a very low risk of drug interactions. GA is not
associated with teratogenicity or an adverse effect on
pregnancy outcomes.’ It has been granted a category
B pregnancy rating.

RRMS: First-Line Oral Therapies

Teriflunomide and DMF, which were both approved
approximately seven years ago on the basis of favorable
efficacy and safety in multicenter phase 3 trials, have
not been directly compared in a randomized study, but
they are now each supported by extensive clinical data.
Fingolimod, another oral agent, is considered to be more
effective than first-line RRMS therapies,*?°and is labeled
for second-line use in Europe due to a greater relative
risk for adverse events.?
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The activity of teriflunomide and DMF is attributed
to different mechanisms. Teriflunomide inhibits
dihydroorotate dehydrogenase, an enzyme important
to proliferation of activated T and B cells.?? Clinical
benefit appears to be derived from its ability to reduce
the number of activated lymphocytes crossing the
blood-brain barrier.?2 In the phase 3 trials, teriflunomide
has been effective whether used in patients who
are treatment naive or had previous exposure to
an injectable immunomodulator.2®?¢ |n addition to a
high degree of activity relative to placebo for typical
clinical endpoints, such as ARR, teriflunomide has also
demonstrated protection against brain volume loss and
impact on cognitive function at two years.?s%

When compared directly to interferon beta-1a in a
randomized trial, teriflunomide in the recommended
dose showed comparable efficacy. The numerical
advantages for teriflunomide for a composite outcome
of time to failure, time to first relapse, or time to
treatment discontinuation for any reason did not reach
statistical significance.'® However, patient satisfaction
scores were higher on the oral therapy than on
interferon beta-1a.

In pooled safety analyses from the placebo-controlled
TEMSO and TOWER phase 3 trials, 12.5% of patients
discontinued teriflunomide due to an adverse
event.?”” Elevated liver enzymes accounted for about
one third of these discontinuations. Other reasons for
discontinuation, such as hair thinning, neutropenia, and
diarrhea were uncommon (Table 2). In the long-term
extension of TEMSO, with follow-up data extending to nine
years,?there have been no new or unexpected adverse
events. Serious and opportunistic infections have been
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infrequent. The types and rates of malignancies have not
deviated from expected patterns.

TABLE 2 | Common Adverse Events Leading to Treatment
Discontinuation*

Placebo
(n=997), n (%)

Patients with
adverse events

Teriflunomide 7 mg

Teriflunomide 14 mg

(n = 1045), n (%) (n = 1002), n (%)

ALT increase 23(2.3) 34 (3.3) 26 (2.6)
Hair thinning 1(0.1) 2(0.2) 13(1.3)
Pregnancy 3(0.3) 6(06) 8(0.8)
Neutropenia 0 6(06) 8(0.8)
Transaminases increase 6 (0.6) 5(05) 5(0.5)
Hepatic enzyme increase 5 (0.5) 2(0.2) 5(0.5)
Diarrhea 1(0.1) 5(05) 4(0.4)
AST increase 2(0.2) 6(0.6) 3(0.3)
Abdominal pain dpper 0 5(0.5) 1 (<0.1)
* Events occurring in »5 patients in either teriflunomide group, listed in descending

order for the teriflunomide 14 mg group.

Adapted from Comi G. et al. Mult Scler Rel Disord. 2016;5:97-104.

DMF is an inhibitor of the Nrf2 pathway, which is implicated
in the release or proinflammatory cytokines.? In addition,
this agent induces lymphocyte apoptosis, another
mechanism that is suspected of playing a role in its
therapeutic effect.®**' In the phase 3 placebo-controlled
DEFINE and CONFIRM trials,”3? a twice-daily dose of
240 mg DMF was associated with a significant reduction in
ARR, the number of new or enlarging T2-hyperintense and
gadolinium-enhancing lesions at two years. In CONFIRM,
DMF was also associated with a reduction in confirmed
disability over 12 weeks. The CONFIRM trial included a GA
comparator arm that was not part of the randomization.
In a post hoc comparison of DMF-treated patients and
those in the comparator GA arm, DMF was associated
with fewer new or enlarging T2-weighted hyperintense
lesions than GA.

There have been no randomized direct comparisons of
DMF with other first-line therapies for RRMS, but several
retrospective studies have suggested that efficacy is
comparable to the interferons, GA, and teriflunomide.
In a German registry, ARR rates and time to first relapse
compared favorably in those treated with DMF relative
to all of these first-line agents.’” Fingolimod, which
was included in this analysis, was superior on most of
these endpoints to the other agents. Time to therapy
discontinuation was similar for all of these agents with
the exception of fingolimod, which was longer. In a
matching-adjusted indirect comparison of DMF to GA,
DMF was found superior for both ARR (P=0.0474) and for
12-week confirmed disability progression (P<0.0001). In
a retrospective chart review comparing 143 patients
receiving interferon to 307 patients receiving DMF,
the therapies offered similar efficacy and persistence
on treatment.*
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In a pooled safety analysis from the pivotal DMF phase
three trials, flushing was identified as the most common
side effect. Flushing, occurring in more than 40% of
patients, and gastrointestinal side effects were the
most common adverse events (Figure 2).** However,
discontinuations for these events were infrequent. In
a five-year analysis of ENDORSE, which is a long-term
extension study of patients enrolled in DEFINE and
CONFIRM, there have been no new or unexpected
adverse events.®*® However, there have been rare cases
of progressive multifocal leukoencephalopathy (PML)
in patients taking DMF. The risk appears to be largely
restricted to those exposed to another agent associated
with PML or those with prolonged lymphopenia defined
as <500 cells/pL.33

FIGURE 2 | Most Frequently Reported Adverse Events from
DEFINE/CONFIRM
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Adapted from Burness CB, Deeks ED. CNS Drugs 2014;28:373-387.

In the absence of randomized trials, several studies
have undertaken comparisons of teriflunomide and
DMF using real-world data. These have yielded mixed
results. In one study that compared 50 RRMS patients
on teriflunomide to 50 patients on DMF across a variety
of clinical and MRI endpoints, the drugs were similar for
most endpoints although teriflunomide was associated
with greater protection against brain atrophy at the end
of two years.* In another, the proportion of patients with
at least one new T2 lesion on MRI was lower on DMF,
although, again, clinical measures of efficacy did not
differ significantly.* Neither study was randomized and
so uncontrolled for issues that affect adherence, such
as adverse events or convenience of dosing.

Individualization of Therapy: Making Appropriate
Choices

The expansion of therapeutic options has facilitated
individualization of therapy. Patient goals and
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preferences vary and should inform initial and
subsequent treatment choices. Although oral
immunomodulators are safe and appropriate for first-
line treatment, a patient might reasonably prefer an
injectable immunomodulator for any of several reasons
including freedom from daily dosing. Conversely, a
substantial proportion of individuals with mild-to-
moderate RRMS might select an oral therapy if it is
perceived as better tolerated. Although none of the oral
therapies are free of adverse events, these agents have
an acceptable long-term safety profile.

For patients with or concerned about risk of progressive
disease, the promise of greater efficacy might be
perceived as an acceptable cost for greater risk of
adverse events and the consideration of stronger
second-line agents would be reasonable. To aid
patients attempting to select the most appropriate
immunomodulator, complete information about relative
risks not only aids selection but might also improve
patient tolerance of adverse events when they occur.

The goal is to guide patients to a therapy with which
they can be comfortable. This will be influenced by the
patient’s own perspective on convenience and relative
risks. Other issues, such as family planning or cost of
treatment, might also be relevant. Teriflunomide has
been associated with teratogenicity in animals,* but
the risk of adverse pregnancy outcomes has not been
confirmed in a population-based study.' Contraception
is therefore advised for patients taking teriflunomide.
DMF has not been associated with teratogenicity in
animals or adverse outcomes in pregnancy, but it has
a class C designation from the U.S. FDA, signifying that
there is insufficient data to establish the safety of this
agent during pregnancy.*?

Neither teriflunomide nor DMF preclude use of
subsequent RRMS treatments, including other
immunomodulators. Both can be safely used after
an injectable immunomodulator. Both can also be
considered in a de-escalation strategy in patients
with diminished disease activity after a high-efficacy
treatment. The concept of early use of high-efficacy
therapies, deescalating to first-line immunomodulators
remains an intriguing strategy for reducing the risks
of high-efficacy agents,* but the impact on long-term
outcomes is unknown.
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Summary

Oral immunomodulators can be considered a first-
line therapy for RRMS. For once-daily teriflunomide,
more than 10 years of safety data from controlled
trials and real-world experience show a level of
safety and tolerability that rivals that of the injectable
immunomodulators. The body of evidence supporting
the safety of DMF is comparable. With the exception
of rare cases of PML associated with DMF, there has
been no pattern of unexpected immune-related events,
such as opportunistic infections or malignancies
with these oral agents, which are often judged to be
more convenient that injectable immunomodulators.
Published data suggest they are no less effective for
prevention of relapse, reducing disease activity on
imaging, or slowing progression to disability. @
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