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Abstract: Treatment for multiple sclerosis (MS), a chronic disease of the central nervous system,
has historically relied exclusively on the use of injectable therapies. As the disease requires
lifelong therapy, the development of oral therapies that are safe and effective would provide
a more convenient dosage form that may improve patient compliance. One oral medication
(fingolimod) was recently approved for treatment of MS. Teriflunomide, an immunomodulator,
is one of four oral therapies currently undergoing Phase III trials. Teriflunomide exerts its clinical
effects via selective inhibition of de novo pyrimidine synthesis, primarily targeting proliferating
T and B lymphocytes in the periphery. Teriflunomide was eftective as monotherapy in reducing
magnetic resonance imaging lesions and annual relapse rates in Phase Il and Phase 111 trials. When
teriflunomide was added to interferon or glatiramer acetate therapy in Phase I trials, teriflunomide
reduced magnetic resonance imaging lesions significantly more than either interferon or
glatiramer acetate alone. Treatment-emergent adverse events occurred at similar rates among
all groups in teriflunomide studies, with a trend towards a higher treatment emergent adverse
events rate in the higher dosage group of teriflunomide (14 mg daily). Treatment discontinuations
in teriflunomide trials were relatively low, suggesting that teriflunomide monotherapy is well
tolerated. This article reviews the mode of action of teriflunomide, its pharmacokinetic, clinical
efficacy, and safety profiles.
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease involving the central
nervous system (CNS). Typical pathology findings of MS include axonal injury, loss
of neurons and supporting structures, impaired remyelination, and chronic plaques.
These cellular and tissue changes commonly produce significant limitations of function
and considerable infirmity in patients. MS affects an estimated 2.5 million adults
worldwide and is the leading cause of nontraumatic neurological disability in this
age group.' Several new oral medications have either recently been approved for use
in MS or are currently undergoing clinical Phase II or III testing. The purpose of this
article is to review the pharmacology, mode of action, pharmacokinetics, and clinical
trial results of teriflunomide.

Epidemiology

MS is known to occur in genetically predisposed individuals who have been
exposed to an unknown environmental trigger. Results of elegant epidemiological
and complex genetic mapping studies have identified particular populations at risk.

submit your manuscript
Dove

http:

Degenerative Neurological and Neuromuscular Disease 2012:2 15-28 I5
© 2012 Nwankwo et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access article
which permits unrestricted noncommercial use, provided the original work is properly cited.


mailto:douglas.allington@umontana.edu
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/DNND.S29022

Nwankwo et al

Dove

Individuals living above or below the 37th latitude dem-
onstrate a different risk of acquiring MS. In the United
States, MS occurs in 50-100 per 100,000 individuals living
in regions of the country above the 37th parallel whereas
rates of 20-30 per 100,000 are typical for populations
below this parallel. A similar difference in the reported
prevalence rates of MS also occurs on a worldwide scale
in populations living above or below the 37th parallel in
Europe, countries of the Mediterranean, Australia, and New
Zealand. However, outliers or clusters of MS populations
not “fitting” this basic geographic pattern are found in
each region. MS prevalence rates throughout Asia, Africa,
and Latin America are comparatively low.?> Data sources
for reported MS estimates are generated from population
surveys, hospital records and national health registries. It
should be noted that variability in the reported rates of MS
are likely influenced by use of different MS diagnostic
criteria, patient access to physicians, and the availability
of specialized diagnostic equipment.?

Epidemiological data provide clues suggesting genetic
and racial markers associated with acquiring MS as well as
potential environmental triggers. MS is much more likely to
occur in Caucasians versus indigenous peoples of Hawaii,
New Zealand, and Canada despite sharing geographically
similar population distribution. MS prevalence dispari-
ties also exist among Russians of European versus Asian
descent.’> On average, MS has a typical onset of disease in
young adults at 30 years of age and occurs more frequently
in women than men.*

Like many diseases, MS can present with variable
clinical severity. Clinically isolated syndrome (CIS) causes
neurological symptoms produced by a single CNS demy-
elinating lesion. Patients with optic neuritis or other signs
and symptoms produced by lesions in the brainstem, spinal
cord, or cerebral hemispheres are typical initial presentations
associated with CIS.> Many patients with CIS, thirty to sev-
enty percent, progress to clinically definite multiple sclerosis
(CDMS) within 2—10 years of initial clinical symptoms.*’
Another subset of patients with so-called “silent lesions” are
classified as having radiologically isolated syndrome (RIS).
RIS is characterized by CNS lesions found by magnetic
resonance imaging (MRI) in a patient who demonstrates no
clinical signs or symptoms; approximately 30% of individu-
als with RIS progress to CDMS.? Ongoing research efforts
are being directed at identifying risk characteristics that are
predictive of progression to CDMS in patients with CIS or
RIS, as well as potential therapies that would prevent or delay
progression to CDMS.

Diagnostic criteria for MS have evolved over time due
to advances in neuroimaging techniques. The MacDonald
criteria that was last revised in 2010 utilizes the presence and
timing of characteristic neurologic signs or symptoms, and
data from MRI images or abnormal visual evoked potential
results. Essential aspects for the diagnosis of MS include
evidence of CNS lesions by MRI that produce symptoms
disseminated in space and time. CDMS can be confirmed at
initial presentation of symptoms if the symptoms are charac-
teristic of a demyelinating event in the CNS, in the absence of
fever or infection, but must also include additional objective
imaging data such as the presence of T2 and/or gadolinium-
enhancing CNS lesions.’

Approximately 85% of MS patients who progress to
CDMS will clinically express a relapsing—remitting (RRMS)
pattern of disease activity. RRMS is characterized by periods
of neurological deterioration called attacks, exacerbations, or
relapses which last from 1 day to several weeks. In RRMS,
relapses are followed by periods of improved or normal
CNS function (remittance). Seventy percent of patients with
RRMS eventually exhibit a secondary progressive pattern,
SPMS.!? In SPMS, relapses are not followed by periods of
full neurological recovery and deficits accumulate as the MS
progresses.!! The accumulated deficits must persist for 6 or
more months to meet the criteria for SPMS. "

The remaining estimated 15% of CDMS patients expe-
rience a primary progressive clinical course. Central to the
diagnosis of primary progressive MS is a 12-month period of
disease progression and the presence of at least two of three
supporting criteria including (a) evidence of dissemination
in space by the presence of one or more T2 lesions in an
area of the brain commonly affected in MS, (b) evidence
of dissemination in space by two or more T2 lesions in the
spinal cord, and (c) elevated oligoclonal bands and/or an
elevated immunoglobulin G index found within cerebro-
spinal fluid.’

Exposure to an environmental trigger or toxin in a pre-
disposed individual is believed to cause the initial sequence
of events that lead to MS." Initial CNS inflammation pre-
cipitates further dysregulated innate and adaptive immune
responses leading to demyelinated axons.'* Repair of the
damaged neurons is abnormal and dysfunctional.'> Elegant
theories have been advanced to link MS clinical disease
expressions, including RRMS or SPMS, with the location
of brain lesions, total lesion burden,'®'7or with specific his-
tological expressions within CNS lesions. ' Over time,
focal demyelinated CNS lesions turn into chronic plaques
with histological evidence of persistent axonal injury,
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impaired remyelination, loss of neurons, supporting glial and
oligodendrite cells, and general brain atrophy.?*2?

Pathophysiology
Patients with MS demonstrate abnormalities in T- and B-cell
function. During the MS disease process, antigens present
to naive T cells promoting phenotypic expression of Th-1,
Th-2, and Th-17 under the influence of specific interleukins.
On activation, T cells travel from the periphery across the
blood-brain barrier (BBB) with the aid of vascular adhesion
molecules. After entering the CNS, T cells are exposed to
additional antigens causing an abnormal response directed
against myelin via production of cytokines, tumor necro-
sis factors, and interleukins with the recruitment of other
inflammatory cells.”® Cellular and molecular components
involved in MS immunology are summarized in Figure 1.
The presence of specific oligoclonal antibodies and elevated
immunoglobulin G levels in the cerebrospinal fluid has long
pointed to a role of B cells in the development of MS. Only
recently has the complex interaction between B cells and T
cells in MS been established** and investigations of agents’
therapeutic manipulation of B-cell targets have reached
human clinical trials.

The complex cascade of cellular and molecular responses
in MS provides numerous potential targets for prevent-
ing acquisition, modifying the clinical course, or halting

progression of MS. Research in the past decade has produced
several promising agents that reduce MS relapse rates or
lessen plaque burden. Proposed sites of action for several
new agents are provided in Figure 2. Teriflunomide is one
such agent that has been evaluated both as monotherapy and
in combination with other medications for the treatment of
RRMS and SPMS. Teriflunomide is the active metabolite
of leflunomide, an agent widely used in the treatment of
rheumatoid arthritis. The purpose of this article is to review
existing data and evaluate the potential benefit of terifluno-
mide in the treatment of MS.

Mode of action of teriflunomide

Inhibition of pyrimidine synthesis

Teriflunomide predominantly exerts antiproliferative and
anti-inflammatory effects via noncompetitive, selective
inhibition of the mitochondrial enzyme dihydroorotate
(DHODH).” DHODH is the rate-limiting enzyme in the
de novo synthesis of pyrimidines.?® Inhibition of DHODH
leads to cell-cycle arrest in the G1 phase of T cells, B cells,
and other rapidly dividing cell populations.?’”?° Pyrimidine
inhibition and the resultant suppression of the effector
functions of activated lymphocytes is the primary proposed
mechanism through which teriflunomide moderates the
effects of an overactive immune system.>* The cytotoxic
effects of teriflunomide are limited to cells that require
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Figure | Molecular and cellular changes in multiple sclerosis. The mechanisms of direct neuronal and oligodendrocyte damage and repair are shown. They include: (A) direct
antigen-specific attack of CD8" T cells, with the discharge of cytotoxic granules and the ligation of the fatty acid synthase molecule; (B) release by glial cells of excitatory
amino acids and neurotoxins, which bind to glutamate receptors or directly target the cells; (C) binding of a specific antibody, leading to complement activation and formation
of the membrane-attacking terminal complement complex and also, possibly, promoting remyelination; (D) release of cytokines, matrix metalloproteinases, and metabolites
from macrophages, microglia, T cells, and astroglia that are involved in inflammation, neurodegeneration, and neuroprotection; (E) release by glial cells and CD4* T cells of
neurotrophins, which are involved in neuroprotection and regeneration; and (F) migration of oligodendrocyte progenitor cells and neuronal stem cells to the lesion, which
replace damaged oligodendrocytes and neurons.

Note: Reprinted by permission from Macmillan Publishers Ltd: Nature Reviews Neuroscience. Hemmer B, Archelos )], Hartung HP. New concepts in the immunopatogenesis
of multiple sclerosis. Nat Rev Neurosci. 2002;3(4):291-301, copyright 2002.

Abbreviations: FAS, fatty acid synthase; NMDA, N-methyl-D-aspartate; tcc, terminal complement complex.
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Figure 2 Multiple sclerosis immunology and proposed site of action for novel multiple sclerosis agents.

Notes: CNS antigens flow into secondary lymphoid tissues where circulating T cells become activated by antigen-presenting cells carrying antigen and costimulatory
molecules. Peripherally activated immune cells can access the BBB and infiltrate the CNS through steps of ahesion, chemoattraction and transmigration. Hematopoietic
stem cells can replenish circulating immune cell subsets. Compartmentalized CNS processes of inflammation and degeneration may occur relatively independent of peripheral
immune activation. Block arrows indicate flow of inflammatory cells. Numbered circles indicate therapies based on their main presumed sites of action. Alternative names
of drugs are indicated in parenthesis. Black circles indicate strong supporting evidence, grey circles indicate weaker evidence. |, BHT-3309; 2, MBP8298 (dirucotide);
3, daclizumab; 4, FTY720 (fingolimod); 5, teriflunomide, laquinimod; 6, BG12; 7, cladribine; 8, alemtuzumab; 9, rituximab, ocrelizumab. Reproduced by permission from
Wolther Kluwer Health: Current Opinion in Neurology. Giacomini PS, Darlington PJ, Bar-Or A. Emerging multiple sclerosis disease-modifying therapies. Curr Opin Neurol.

2009;22(3):226-232, copyright 2009.

Abbreviations: BBB, blood-brain barrier; CNS, central nervous system; CSF, cerebrospinal fluid; NK, natural killer.

DHODH for pyrimidine synthesis but slower-replicating cells
in the gastrointestinal tract and the hematopoietic system are
spared since they rely on salvage pathways for pyrimidine
synthesis that do not require induction of DHODH.3! The
specific hematopoietic cells which rely on salvage pathways
for pyrimidine synthesis are the resting lymphocytes. In
contrast, blasting lymphocytes that are associated with acute
inflammatory response require an eightfold expansion of
their pyrimidine pools in order to exert their effects and are
therefore reliant on de novo pyrimidine synthesis.* Thus, the
effects of teriflunomide are focused on blasting lymphocytes
while sparing homeostatically expanding lymphocytes and
resting lymphocytes as depicted in Figure 3.

DNA synthesis is dependent on pyrimidine and purine
nucleotides. However, purine pools need only to expand
about twofold in blasting lymphocytes (compared to the
previously noted eightfold pyrimidine pool expansion),
indicating that pyrimidine nucleotides are essential for DNA
synthesis in this cell population. In addition, inhibition of
pyrimidine synthesis blunts rather than causes an increase in
purine de novo synthesis.**3? Despite the known biochemical
interaction of pyrimidine and purine nucleotides to support
lymphocyte function, the clinical effects of pyrimidine
inhibition by teriflunomide have not been compared to
the effects of purine antagonists. It is therefore unknown

whether or not teriflunomide possesses an advantage over
such medications.

Other functions of pyrimidines that are inhibited
by teriflunomide include membrane biosynthesis and
glycosylation of lipids, proteins, and cytokines in immune
cells.?'3%3 Exogenous administration of pyrimidine
completely rescues the affected cells from the antiproliferative
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Figure 3 Mechanism of action of teriflunomide.

Note: Reprinted from Tallantyre et al. Spotlight on Teriflunomide. The International
MS Journal. 2008;15(2):62—68 with permission from Cambridge Medical Publications
(CMP).
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effects of teriflunomide.?” Certain effects, however, remain
inhibited — these will be discussed in further detail below.

Inhibition of protein tyrosine kinases

It was observed that the inhibitory effects of teriflunomide on
certain lymphocyte activities such as cell migration, surface
molecule expression, and cytokine production persist despite
exogenous pyrimidine administration.***> These findings
prompted further investigation of other potential molecular
targets of teriflunomide. In vitro experiments in murine
cell lines have shown that teriflunomide inhibits protein
tyrosine-kinase (PTK) activity via inhibition of interleukin
2(IL-2)-induced tyrosine phosphorylation.’3# Specifically,
teriflunomide inhibits the janus tyrosine kinases jakl and
jak3 in an IL-2 dependent murine cytotoxic T cell line.
Several effects result from the inhibition of PTK activity
including reduced T-cell proliferation, reduced production
of IL-2, inhibition of calcium mobilization, and a blockage
of immunoglobulin G1 production.*3>* These effects have
been shown to be independent of pyrimidine inhibition and
to be not reversed by exogenous pyrimidine administration.
Despite these findings, it is estimated that teriflunomide has
150- to 900-fold more potent in vitro inhibition of DHODH
compared to tyrosine kinases and it is doubtful that terifluno-
mide reaches in vivo concentrations high enough to exert
clinically significant effects of PTK inhibition.**#! However,
as rodent T cells are remarkably sensitive to the effects of
DHODH inhibition, it could be suggested that both DHODH
and PTK inhibition may be clinically significant in humans
at therapeutic teriflunomide concentrations.*' Regardless,
it is clear that DHODH inhibition remains the principal
mechanism of action of teriflunomide.

Effects on B and T cells

Teriflunomide inhibits T- and B-cell proliferation; however,
more is known of its effect on T cells than that on B cells.
Although the IC, for inhibition of cell proliferation is
lower in B-cell compared to T-cell cultures, primary splenic
mitogen-activated T cells and B cells have both been proven
to be equally susceptible to teriftunomide.* Teriflunomide has
also demonstrated efficiency in inhibiting T-cell-dependent
antibody production, suggesting that it modulates the inter-
action between T cells and B cells.* Direct T-cell inhibitory
effects include the alteration of integrin function (at different
stages of T-cell activation) and interference with calcium
signaling to T cells. These inhibitory actions of teriftunomide
lead to several results which include a diminished interaction
between T cells and antigen-presenting cells, an impaired

migratory capability of T cells (in vitro and in vivo), and a
diminished ability for exposed T cells to activate monocytes
in vitro.3037414 Teriflunomide also appears to induce naive
T cells to favor Th-2 differentiation. A bias towards Th-2 dif-
ferentiation after exposure to teriflunomide was demonstrated
in naive human precursor cells from peripheral blood, and in
antigen-specific T cells in mice.* In vitro exposure of T cells
to teriflunomide triggered an increase in the production of the
anti-inflammatory compounds named IL-1 receptor antago-
nists and tissue inhibitor of metalloproteinase-1 without an
increase in their proinflammatory counterparts IL-1B and
matrix metalloproteinase-1.* In rodent antigen-experienced T
cells and microglia, exposure to teriflunomide caused inhibi-
tion of IFN-y-producing T cells while stimulating IL-10- and
IL-4-producing T cells. In addition, the cytokine signature of
microglial cells and macrophages is modulated by terifluno-
mide to favor-enhanced secretion of TL-10.%

Other effects

Teriflunomide has demonstrated cyclooxygenase-2 (COX-2)
inhibitory activity in murine macrophage cell lines.
Specifically, teriflunomide inhibited the formation of prosta-
glandin E2, an enzymatic product of COX-2. In vitro inhibi-
tion of COX-2 required teriflunomide concentrations at least
ten times greater than the concentrations necessary for
DHODH inhibition. In addition, the COX-2 inhibition was
reversed by high levels of arachidonic acid.*® These two
aspects suggest that any meaningful clinical effects of
COX-2 inhibition by teriflunomide are limited.

In murine macrophages, teriffunomide caused downregu-
lation of inducible nitric oxide synthase but failed to effect
a reduction in inducible nitric oxide synthase activity. In
contrast, such a reduction was demonstrated in a study on
murine astrocytes.*”*

The effects of DHODH inhibition also extend to myeloid
cell lines via the suppression of growth factor-induced prolif-
eration in myeloid progenitors and mast cell lines.* In vitro
suppression of myeloid progenitors by teriflunomide occurs at
very low concentrations. Certain effector functions of the innate
immune system are also suppressed by teriflunomide. These
include modulated expression of adhesion molecules, adher-
ence, and migration of neutrophils and macrophages.*>°

Pharmacokinetics of teriflunomide

The pharmacokinetic (PK) profile of teriflunomide is based
primarily on eleven studies in healthy humans; only a single
PK study in MS patients has been conducted.! Teriflunomide
doses used in studies ranged from 7 mg to 100 mg. In fasting,
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healthy subjects given single oral doses, the median time to
peak plasma concentration was 1 to 2 hours. Teriflunomide
oral bioavailability approximates 100% although delayed
absorption was demonstrated with drug administration in
fed subjects; however, plasma concentrations were similar in
both fasting and fed states. Peak plasma concentrations were
dose proportional, indicating that teriflunomide possesses
linear PK properties. The drug is highly bound to plasma
proteins (>99%) but has a very low volume of distribution at
steady state (~11 L). Teriflunomide has an extended elimina-
tion half-life which ranges from 10 to 18 days.

Phase I metabolism of teriflunomide involves CYP,, 3A
enzymes. It would be expected that CYP, 3A inducers would
accelerate the metabolism of teriflunomide and a study in
healthy subjects showed an area under the curve decrease of
approximately 39% when teriflunomide was administered
concurrently with the potent non-specific cytochrome P450-
inducer rifampicin.” Teriflunomide is also a cytochrome P450
2C9 inhibitor and would be expected to prolong the effects of
cytochrome P450 2C9 substrates including warfarin, but data
regarding possible drug interactions are lacking. In PK studies
of healthy volunteers, 37.5% of teriflunomide was primarily
excreted into feces (as unchanged drug), and 22.6% through the
urine as the 4-trifluoro-methylaniline oxanilic acid metabolite.’!
Teriflunomide has a very slow plasma clearance (approximately
0.05 L/hour),*? which is attributable to extensive enterohepatic
recycling of the drug. Like its parent drug leflunomide, elimi-
nation can be hastened by administration of medications such
as charcoal or cholestyramine which inhibit enterohepatic
recycling. Its reversibility may provide teriflunomide with an
advantage over other oral agents for MS. No differences in
the PK profile of teriflunomide were found according to age,
gender, or hepatic impairment. Based on limited data, the PK
profile of teriflunomide in patients with MS appears to be
similar to that determined in healthy subjects.’!

Clinical studies of teriflunomide

in MS

Teriflunomide has been studied both as monotherapy and in
combination with typical disease-modifying therapies (DMTs)
in patients with MS. To date, clinical results are available from
several smaller Phase II trials and two large Phase III trials.
Other large Phase III trials are ongoing (Table 1).

Use as monotherapy
A randomized, double-blind, placebo-controlled Phase II study
of teriflunomide was conducted in patients with clinically

confirmed MS.5 The majority of the study subjects had
RRMS (n = 157) and a smaller number enrolled had SPMS
(n = 22). Teriflunomide loading doses of twice the main-
tenance doses were used for 1 week after which patients
received standard maintenance doses of 7 mg or 14 mg
given once daily. Patient inclusion criteria consisted of an
expanded disability status scale (EDSS) score of =6, two
documented relapses in the previous 3 years, and one clinical
relapse during the preceding year. Exclusion criteria included
prior treatment with interferon (IFN), gamma-globulin,
glatiramer acetate, or other non-corticosteroid immunomodu-
latory therapies in the 4-week period prior to initiation of
teriflunomide. Use of effective contraception methods was
required for both men and women during the trial period; at
study conclusion, patients had the option to either continue
effective contraception for a further 24 months, or undergo
a teriflunomide washout procedure. The primary endpoint of
the study was the composite number of new or expanding
gadolinium-enhancing T1 (T1-Gd) lesions and T2 lesions
which was termed the number of combined unique active
lesions (CUALSs) per MRI scan. If a lesion had both T1 and
T2 properties, it was counted as a single lesion. Secondary
endpoints included MRI-defined disease burden (total area/
volume of T2 lesions on MRI), MS relapse frequency, and
an increase in disability scores (defined as a 1-point EDSS
increase if the baseline EDSS was <5.5 or a 0.5-point
increase if the baseline EDSS was =5.5).

Teriflunomide proved efficacious in significantly decreas-
ing the CUALS in patient groups treated with either dose. The
annualized relapse rates (ARRs) were lower in each treat-
ment group and a trend toward fewer relapses was seen in
the 14-mg-per-day group. Although the ARRs did not reach
significance, it is important to note that the study was not
sufficiently powered to analyze this secondary endpoint. In
addition to a lower ARR, the beneficial effects of terifluno-
mide in this study appeared to favor the higher 14 mg daily
dose when the outcomes of EDSS scores and change over
time in T2 lesion volume were considered.®* A total of 19
patients discontinued study medication prematurely during
the 36-week treatment period, with the 14 mg per day group
having the greatest number of discontinuations. Withdrawal
due to treatment-emergent adverse events (TEAEs) occurred
in 15 of the 19 patients, eight of whom were in the 14-mg-
daily dose group.

In an open-label extension of the trial, patients previ-
ously on placebo were switched to either the 7-mg-daily
dose or the 14-mg-daily dose. Efficacy data in patients who
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Table | Clinical trial summaries for teriflunomide (TERI)

Study n Subjects Regimen Duration Outcomes
Phase II° 179 RRMS TERI 7 mg/day 36 weeks MRI: 61% RR of CUALs (T1-Gd, T2)
monotherapy SPMS TERI 14 mg/day in both treatment groups vs PBO
mean age: 40 years PBO (7 mg, P < 0.03; 14 mg, P < 0.01)
74% female Clinical: ARR lower in both treatment
mean EDSS: 2.3 groups vs PBO (mean * SD 0.58 + 0.85
and 0.55 = 1.13 vs 0.81 + 1.22; NS)

e Trend toward lower annualized relapse
rate (32%) and fewer relapsing patients
in [4-mg-daily group versus placebo (NS)

Adverse events:

e TEAEs more common in TERI groups
(=10% of patients): HA, alopecia,
nausea, ALT, paresthesia, back
and limb pain, diarrhea, arthralgia

Open-label 147 RRMS PBO-7 mg switch 144 weeks MRI: significant | in number of CUALs
extension SPMS PBO-14 mg switch (RRR 65% and 85% for 7 mg and

of Phase Il Continuous 7 mg 14 mg, respectively, P = 0.02)

trial** Continuous 14 mg in PBO-switch groups

Patients previously on TERI experienced

no further change in number

of active lesions

Clinical: ARRs 0.4 per year in all groups;

proportion of relapse-free patients

at week 144 = 54%

e EDSS scores similar among groups

Adverse events: similar events

and frequencies in groups

Phase II 123 Relapsing MS TERI 7 mg/day + 24 weeks MRI: T1-Gd lesions | in 7 mg
combination GA (stable dose) (P=0.011) and 14 mg groups (P =0.039)
therapy®’ TERI 14 mg/day + compared to PBO

GA (stable dose) Adverse events:

PBO + e ALT > 3 x ULN: one in PBO

GA (stable dose) and one in 14 mg group

e Immunosuppression/infection: similar
in all groups (PBO: 44%, 7 mg: 43%,

14 mg: 38%)
Phase Il 17 Relapsing MS TERI 7 mg/day + 24 weeks MRI: T1-Gd lesions significantly |
combination mean age: 40 years IFN-Bla (stable dose) in both arms vs PBO (7 mg: 56%,
therapy®® 70% female TERI 14 mg/day + 14 mg: 81%; P < 0.001)

mean EDSS: 2.5

IFN-Bla (stable dose)
PBO + IFN-Bla (stable
dose)

Clinical: relapses during treatment period

(PBO:n=57mgn=514mgn=2)

e Number of relapse-free patients greater
with TERI than PBO (PBO: 57.9%,
7 mg: 69.4%, 14 mg: 81.6%)

Adverse events: one patient in each

group discontinued due to TEAEs

e ALT > 3 x ULN: low in all groups
(PBO: 4.8%, 7 mg: 0%, 14 mg: 5.2%).
One patient in PBO and 14 mg group
discontinued due to increased ALTs

¢ Immunosuppression/infection:
greater in TERI groups (PBO: 32%,
7 mg: 49%, 14 mg: 47%)

e URI: more common in 14 mg group
(23.7%) vs 7 mg (10.8%) and PBO (14.6%)

(Continued)
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Table | (Continued)

Study n

Subjects

Regimen

Duration

Outcomes

TEMSO 1088
Phase III55%¢

TEMSO 556
open-label
extension®>¢

TENERE 324
Phase III*°

TOWER:? I110*
Phase Il

TOPIC® 780*
Phase Il

TERACLES? 1455%
Phase Il

RRMS

SPMS

mean age: 37.8 years
72% female

mean EDSS: 2.68

RRMS
SPMS

Relapsing MS

Relapsing MS

CIS

Relapsing MS

TERI 7 mg/day
TERI 14 mg/day
PBO

Active treatment
groups

TERI 7 mg/day
TERI 14 mg/day
IFN-Bla 44 ng tiw

TERI 7 mg/day
TERI 14 mg/day
PBO

TERI 7 mg/day
TERI 14 mg/day
PBO

TERI 7 mg/day +
IFN-Bla (stable dose)
TERI 14 mg/day +
IFN-B la (stable dose)
PBO + IFN-Bla
(stable dose)

108 weeks

=108 weeks

48 weeks

=48 weeks

2 years

48-152 weeks

MRI: number of CUALs per scan
significantly | in both treatment groups
(RRR of 47.7% and 69.4% for TERI
7 mg and 14 mg, respectively; P < 0.001)
Clinical: ARR decreased in both
treatment groups (7 mg: RRR 31.2%,
P =0.0002; 14 mg: RRR 31.5%,
P =0.0005)
Sustained disability progression only
significantly reduced in 14-mg group vs
PBO (RRR 29.8%, P = 0.0279)
Adverse events: any TEAEs (87.5%,
89.1%, 90.8%), serious TEAEs (12.8%,
14.1%, 15.9%), and TEAEs leading to
treatment discontinuation (8.1%, 9.8%,
10.9%) for PBO, 7-mg, and 14-mg
groups, respectively
o ALT > 3 x ULN: 6.7%, 6.3%, and 6.7%
for PBO, 7-mg, and 14-mg groups,
respectively
e Serious infections/infestations: 2.2%,
1.6%, and 2.5% for PBO, 7-mg,
and 14-mg groups, respectively
Ongoing extension study
Primary endpoint: safety/tolerability
Secondary endpoints: EDSS, ARR, MRI
Clinical: time to treatment failure
similar between the 7-mg (48.6%),
14-mg (37.8%), and IFN-Bla (42.3%)
groups
e ARR similar between the 14-mg
and IFN-Bla groups (25.9% vs 21.6%)
but higher in the 7-mg group (41%)
Adverse events most common with
TERI: nasopharyngitis, diarrhea, hair
thinning, back pain
Treatment discontinued due to TEAEs:
7 mg (8.2%), 14 mg (10.9%), IFN-B1a
(21.8%)
Ongoing
Primary endpoint: ARR
Secondary endpoint: disability
progression
Ongoing
Primary endpoint: conversion of CIS
to clinically definite MS
Secondary endpoint: ARR, MR, disability
progression, safety and tolerability
Ongoing
Primary endpoint: ARR
Secondary endpoint: MRI, EDSS,
change in abnormal brain volume

Notes: *Data on ongoing trials obtained from ClinicalTrials.gov, accessed September 29, 201 |. *Planned recruitment total.

Abbreviations: ALT, alanine aminotransferase; ARR, annual relapse rates; CIS, clinically isolated syndrome; CUALs, cumulative active lesions; EDSS, expanded disability status
scale; GA, glatiramer acetate; HA, headache; IFN, interferon; MRI, magnetic resonance imaging; NS, nonsignificant; PBO, placebo; RR, relative reduction; RRMS, relapse remitting
multiple sclerosis; RRR, relative risk reduction; SPMS, secondary progressive multiple sclerosis; T1-Gd, gadolinium enhancing; TEAEs, treatment emergent adverse events; TERI,
teriflunomide; tiw, three times a week; ULN, upper limit of normal; URI, upper respiratory infection.

22 submit your manuscript Degenerative Neurological and Neuromuscular Disease 2012:2

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Review of teriflunomide for the treatment of MS

completed 144 weeks of therapy demonstrated a decrease
in CUALs when compared to baseline values at the start of
the extension trial. This decrease was found in both treat-
ment groups, with the greater CUALSs decrease seen in the
14-mg-per-day group. Patients receiving 7- or 14-mg teri-
flunomide daily regimens in the original study experienced
no further decreases in CUALSs during the extension phase.
The incidence of elevated liver enzymes greater than three
times the upper limit of normal (>3 x ULN) was reported
to be uncommon and not dose related.** This is in contrast
to leflunomide which has been reported to cause significant
hepatotoxicity. The overall dropout rate in this teriflunomide
extension study was <10% per year.

A randomized, double-blind, placebo-controlled Phase I11
trial — Teriflunomide Multiple Sclerosis Oral (TEMSO) —that
evaluated teriflunomide in patients with RRMS or SPMS
with relapses was recently completed. To be included in
the study, patients had to have EDSS scores of =5.5 and at
least one relapse during the previous year, or two relapses in
the preceding 2 years. Exclusion criteria included patients
with other clinically relevant systemic diseases, pregnancy,
or a plan for conception during the trial period. Patients on
other immunosuppressant agents were also excluded. Teri-
flunomide 7 mg or 14 mg daily was compared to placebo and
patients were treated for 108 weeks. The primary endpoint
was ARR and secondary endpoints included time to con-
firmed disability progression per EDSS score and CUALs
per MRI scan.

Both teriflunomide dosages were significantly more
effective than placebo in the primary outcome of ARR.
Active drug treatment at either dosage also was associated
with significant decreases in CUALS but a significant effect
on sustained disability progression was observed only in
the 14-mg-per-day group. Discontinuation in the trial due to
TEAESs occurred at similar rates in all groups with 73.2% of
patients completing study treatment. An open-label exten-
sion study of TEMSO is currently ongoing>¢ as is a second
trial — TOWER — which is also evaluating the 7-mg and
14-mg-daily doses of teriflunomide versus placebo.

Use in combination therapy

Teriflunomide as adjunctive therapy combined with glati-
ramer acetate (GA) was evaluated in a small Phase II trial with
123 patients. The number of patients with baseline T1-Gd
lesions was greater in the 7-mg-per-day cohort (28.6%)
compared to the placebo (14.6%) and 14-mg-per-day groups
(12.8%); all other baseline characteristics were similar.
Teriflunomide at either dose added to GA was more effective

than placebo added to GA in reducing T1-Gd lesions. Seven
patients in the treatment groups (three patients in the 7-mg-
per-day and four patients in the 14-mg-per-day group) dis-
continued study drug; however, no patients discontinued the
study due to increased liver enzymes or infection. No deaths
were reported in the study.”’

Results of a small double-blind, placebo-controlled
Phase 1II study of teriflunomide as adjunctive therapy with
IFN-f3 were presented at the European Committee for Treat-
ment and Research in Multiple Sclerosis (ECTRIMS) meet-
ing in 2009. The study included 117 patients with relapsing
MS already on a stable dose of IFN-B. Approximately one
third of patients were on low-dose IFN-Bla — 30 g intra-
muscularly once weekly or 22 pg subcutaneously three times
weekly. The other groups of patients were receiving high-
dose, high-frequency IFN-f1a (44 ug subcutaneously three
times weekly) or IFN-B1b (250 pg subcutaneously every
other day). Teriflunomide 7 mg or 14 mg daily or placebo
was added to the interferon-based treatment for 24 weeks.
The mean baseline EDSS score for all patients was 2.5 and
40% of patients had not relapsed in the previous year. The
primary endpoint was the number of T1-Gd active lesions.
The number of lesions was significantly decreased in both
teriflunomide treatment groups when compared to the group
receiving IFN-B alone. The teriflunomide 14-mg-per-day
group demonstrated the greatest efficacy but also had the
highest incidence of TEAEs.*® One patient in each group
discontinued prematurely due to TEAEs. Although collected
by study authors, details on EDSS score changes were not
reported; however, a significant change would not be expected
due to the short duration of the trial.

The preliminary results of a Phase III trial (TENERE)
comparing the safety and efficacy of teriflunomide and IFN-
Bla in patients with relapsing forms of MS were recently
released. The study consisted of 324 patients randomized to
either daily doses of teriflunomide 7 mg (n = 109) or 14 mg
(n = 111), or IFN-Bla 44 pg three times weekly (n = 104)
and followed for 48 weeks. Patients 18 years or older with an
EDSS of 5.5 or less at the initial screening visit were included
in the study. The primary endpoint was risk of treatment failure
which was defined as the occurrence of a confirmed relapse or
permanent treatment discontinuation for any cause, whichever
came first. The primary endpoint occurred at a similar rate
among treatment groups. The secondary endpoint was the
ARR. The 14-mg-per-day teriftunomide and IFN-B1a groups
had a similar ARR (25.9% vs 21.9%) but ARR was higher in
the teriflunomide 7-mg-daily group (41%). Similar to previous
studies, common TEAEs in the teriflunomide arm included
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nasopharyngitis, diarrhea, hair thinning, and back pain.
However, the incidence of elevated liver enzymes, headache,
and flu-like symptoms was higher in the IFN-B1a group. Treat-
ment discontinuations due to TEAEs were also lowest in the
teriflunomide groups. No deaths were reported in this study.>
A Phase III trial comparing teriflunomide as adjunctive therapy
with IFN-Bla (TERACLES) is currently ongoing.

Safety and tolerability

of teriflunomide
As previously stated, adverse events in teriflunomide trials
typically occurred to an equal degree across all treatment
and placebo groups (Table 2). In the Phase II trial of teri-
flunomide monotherapy, a decrease in leukocytes was seen
more frequently in the active drug groups but infection rates
were similar among treatment and placebo groups and there
were no discontinuations of therapy owing to leukopenia.>
In contrast, a higher rate of infections in the terifflunomide
treatment groups was seen when the drug was combined
with IFN-Bla, an effect that interestingly was not seen in
combination therapy with glatiramer acetate.
Teriflunomide does appear to elevate alanine amino-
transferase to a greater degree than placebo. However, the
incidence of clinically significant elevations in hepatic
transaminases (>3 X ULN) due to teriflunomide was simi-
lar to that in placebo groups in both the Phase II trial and
TEMSO. Data from the 144-week open-label extension of the
Phase II trial further demonstrated that the effect of terifluno-
mide on alanine aminotransferases remained stable.> %
Discontinuation rates were low in both the monotherapy and
combination therapy trials of teriflunomide. The teriflunomide
14-mg-per-day group in the Phase II monotherapy trial had
the greatest number of discontinuations (19% vs 3% and
6.5% in the 7-mg-per-day and placebo groups, respectively);
however, this was not seen in other trials. Based on trial

Table 2 Incidence of the most common adverse events in Phase
Il and Phase llI teriflunomide trials®*—°

Adverse event Incidence (%)

ALT increase 12-14.2
Headache 19-25
Nasopharyngitis 21-26
Diarrhea 8-17.9
Fatigue 10-14.5
Nausea 9-13.7
Alopecia 12-15
UTI 7.3-11
Back or limb pain 7-14

Abbreviations: ALT, alanine aminotransferase; UTI, urinary tract infection.

results, a higher adverse event and discontinuation rate may
be expected in patients taking the higher dose of terifluno-
mide. In addition, morbidity of teriflunomide appears low
and no deaths were reported in any of the studies.

Long-term safety data from leflunomide will almost cer-
tainly be used to supplement the safety data from terifluno-
mide studies and will likely affect recommendations regarding
its use. Due to reports of severe liver injury, leflunomide use
requires liver function tests prior to initiating therapy, and then
monthly for the first 6 months of treatment, then every 6 to
8 weeks thereafter.® There has been one documented case of
progressive multifocal leukoencephalopathy in a patient with
systemic lupus erythematous receiving leflunomide.®' This
case was complicated by the fact that the patient had already
been on several immunosuppressive drugs including predni-
sone, azathioprine, chloroquine, danazol, cyclosporine A, and
finally, methotrexate. No data exists linking teriflunomide use
with progressive multifocal leukoencephalopathy.

In preclinical animal studies, leflunomide demonstrated
some reproductive toxicity®” and it would be expected that teri-
flunomide also will have a “black box” warning against its use
during pregnancy. However, interim data of pregnant patients
with rheumatoid arthritis who were exposed to leflunomide
early in pregnancy (n = 43) had similar outcomes compared
with the control population (n =47).% A study of 64 pregnan-
cies in women exposed to leflunomide observed no significant
differences in the overall rate of structural birth defects com-
pared to nonexposed pregnancies.®® Therefore, if accidental
pregnancy does occur, termination of the pregnancy is not
required. However, until its teratogenic profile is fully under-
stood, it is recommended that women of childbearing age
utilize effective methods of contraception. As expected, men
and women not using adequate methods of contraception were
excluded from teriflunomide studies. Study data did show
that forms of contraception including oral contraceptives
maintained their efficacy with concurrent teriflunomide co-
administration, without affecting the drug’s pharmacokinetic
profile. As with leflunomide, women desiring pregnancy
should undergo a “washout period” with either cholestyramine
or activated charcoal after stopping treatment with terifluno-
mide. An 11-day course of cholestyramine 8 g three times
daily is recommended as it has been shown to decrease the
half-life of teriflunomide to approximately 24 hours.®* Due to
the PK properties of teriflunomide and individual variations in
drug clearance, it may take up to 2 years to reach safe plasma
levels if the washout procedure is not instituted.’>%¢* A teri-
flunomide assay to confirm a plasma level of <0.02 mg/L —in
two separate tests 14 days apart — is recommended after the
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Table 3 Clinical aspects of newer oral disease-modifying therapies

Agent MOA Major trials ARR RR MRI lesions RR  Dosing regimen AE profile
TERI-? Lymphocyte TEMSO,TENERE >30% CUALs > 60% Once daily T LFTs, neutropenia,
anti-proliferation TOPIC, TERACLES nasopharyngitis, alopecia,
nausea, paresthesia,
diarrhea, arthralgia,
back and limb pain
Fingolimod’>7 Lymphocyte FREEDOMS >50% Gd* lesions Once daily Lymphocytopenia, serious
sequestration TRANSFORMS > 60% viral infections, T LFTs,
bradycardia, AV block,
macular edema, cancers
Laquinimod”®7®  Thl toTh2 shift ALLEGRO, BRAVO  >20% CUALs ~40% Once daily T LFTs, chest pain, back

Activation of Nrf2
pathway

Fumarate’?# DEFINE, CONFIRM

>30% (NS)°

pain, abdominal pain, viral
infections, menometorrhagia
with myofibroma,
exacerbation of preexisting

glaucoma
Gd+ lesions Three times daily Flushing, headache, nausea,
~70% nasopharyngitis, pruritus,

T LFTs

Note: *Nonsignificant based on Phase Il trial data, Phase Ill data pending.

Abbreviations: AE, adverse events; ARR, annual relapse rates; AV, atrioventricular; MRI, magnetic resonance imaging; CUALs, cumulative active lesions; Gd+, gadolinium
positive; LFTs, liver function tests; MOA, mechanism of action; NS, nonsignificant; PBO, placebo; RR, relative reduction.

washout period as this level is suggested to present the least
teratogenic risk based on available data.®

Conclusion
MS is similar to other chronic incurable diseases, in that it
requires lifelong therapy. Until recently, all first-line DMT
medications required parenteral administration. Long-term
adherence with injections can be compromised due to
injection-site adverse effects, needle phobia, or lifestyle
disruptions inherent in parenteral therapy.** Clinical trials
typically attract highly motivated patients and discontinuation
rates for injectable MS products have ranged from 9%-21%
even during relatively short clinical trial periods of 1-2 years.%
Several postmarketing studies assessing adherence with
injectable MS drugs suggest there are even greater rates of
interrupted or discontinued therapy during typical clinical use
compared to rates reported during clinical trials.’ Unrealistic
expectations about drug efficacy, advancement in disease
progression, and unrelenting adverse effects are important
elements of nonadherence.”” MS comorbidities of anxiety,
depression, memory, and executive function impairments are
additional factors that can affect adherence. One prospective
adherence study in MS patients indicated that over 60% of
MS patients with mood or anxiety disorders experienced
poor or variable adherence.®

The arrival of oral medications for treatment of MS
has been a long-anticipated event because of the belief
that these products would translate into better adherence.®

Oral medication options alleviate the obvious barriers to
compliance associated with parenteral injection techniques.
However, when compared to parenteral therapy, ease of
administration of oral products alleviates only a single fac-
tor affecting adherence. Parenteral MS therapies have a long
history of efficacy and a well-defined risk profile. To replace
parenteral therapies any new MS agent would likely need to
demonstrate comparable or improved efficacy, produce less
frequent or severe adverse effects, and be offered at compa-
rable or lower cost.

Monotherapy with teriflunomide during Phase II and
Phase I1I trials has produced reductions in active brain lesions™
and reductions in ARR similar to existing parenteral mono-
therapy options, which is approximately 30%. In a 6-month
trial of teriflunomide used in combination with stable doses
of IFN-B1a, approximately 70%-80% of patients were relapse
free compared to about 60% of patients receiving IFN-Bla
alone.” Decreases in appearance of new or expanding lesions
are also similar to those associated with the existing parenteral
products. Finally, serious adverse effects due to teriflunomide
in Phase I and Phase III trials have been relatively infrequent
and no life-threatening adverse events have emerged to date.
TEAE:s led to teriflunomide discontinuation rates in less than
11% of patients in the TEMSO trial compared to withdrawal
of 8.1% in the placebo arm, suggesting teriflunomide as
monotherapy is overall well tolerated.

The degree of interest in new MS products and clinical
trial results suggests that the optimal agent is not currently
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available. Fingolimod (Gilenya®) recently gained United States
Food and Drug Administration and European approval. Major
ongoing trials are in early clinical testing phases for alemtu-
zumab, fumarate, and laquinimod. However, much of the data
should be considered preliminary since complete Phase 111
trial data is not available. A review of the findings from these
trials is beyond the scope of this paper but a summary of the
major trial outcomes is provided in Table 3. Oral cladribine
is not included in Table 3 due to the fact that it was denied
approval by the European Medicines Agency and the United
States Food and Drug Administration (FDA) in 2010 and
2011, respectively. Merck Serono announced that they would
no longer seek approval for oral cladribine for the treatment
of MS.” No direct comparative trials between teriflunomide
and the other new oral agents exist. Should all the oral DMTs
eventually gain regulatory approval, choices among the oral
DMTs will depend on clinician preference, convenience
of dosing schedules, adverse-event profiles, cost, and other
salient factors.

Three major ongoing teriflunomide clinical trials, TOWER,
TOPIC, and TERACLES, have yet to be completed. Each of
these trials is tracking endpoints of critical interest to the MS
community, including disability progression in the TOWER
and TERACLES trials, and the conversion rate from CIS to
CDMS in the TOPIC trial. Results from each of these stud-
ies should provide data that will help patients and physicians
determine whether or not teriftunomide will provide significant
advantages over currently used therapies. These trial results
will also help determine if teriflunomide will emerge as a
preferred therapy or if it will join the growing ranks of alterna-
tive disease-modifying therapies that provide significant but
modest benefits.

Disclosure
The authors report no conflicts of interest in this work.
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