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Abstract

Background: In previous studies, teriflunomide significantly reduced the annualised relapse rate (ARR) and disability
progression.

Obijective: This phase 3, rater-blinded study (NCT00883337) compared teriflunomide with interferon-beta-la (IFN(-1a).
Methods: Patients with relapsing multiple sclerosis were randomised (l:1:1) to oral teriflunomide 7-or 14mg, or
subcutaneous IFNB-la 44pg. The primary composite endpoint was time to failure, defined as first occurrence of
confirmed relapse or permanent treatment discontinuation for any cause. Secondary endpoints included ARR, Fatigue
Impact Scale (FIS) and Treatment Satisfaction Questionnaire for Medication (TSQM). The study was completed 48 weeks
after the last patient was randomised.

Results: Some 324 patients were randomised (IFNB-la: 104; teriflunomide 7 mg: 109; teriflunomide 14 mg: 111).
No difference in time to failure was observed. There was no difference in ARR between teriflunomide 14 mg and
IFNB-1a, but ARR was significantly higher with teriflunomide 7 mg. FIS scores indicated more frequent fatigue with
IFNB-1a, though differences were only significant with teriflunomide 7 mg. TSQM scores were significantly higher with
teriflunomide. There were no unexpected safety findings.

Conclusion: Effects on time to failure were comparable between teriflunomide and IFNf-1a. There was no difference
between teriflunomide 14 mg and IFNB-1a on ARR, though ARR was higher with teriflunomide 7 mg. The teriflunomide
safety profile was consistent with previous studies.
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Introduction

Teriflunomide is a once-daily, oral, disease-modifying ther-
apy (DMT) for relapsing forms of multiple sclerosis (RMS).
Teriflunomide selectively and reversibly inhibits dihydro-
orotate dehydrogenase (DHODH), a mitochondrial enzyme
in de novo pyrimidine synthesis required by rapidly divid-
ing lymphocytes.!? Preclinical evidence indicates that teri-
flunomide exerts a cytostatic effect on stimulated
lymphocytes in the periphery, reducing their availability to
migrate into the central nervous system (CNS).3-¢ As the
pyrimidine demand of resting and slowly dividing cells
(including memory lymphocytes) is met through the
DHODH-independent salvage pathway,” teriflunomide
may preserve protective immunity.3-10

In two pivotal phase 3 trials, the TEriflunomide Multiple
Sclerosis Oral (TEMSO) trial and the Teriflunomide Oral in
people With relapsing multiplE scleRosis (TOWER) trial,
teriflunomide 14 mg significantly reduced annualised relapse
rate (ARR) by 31.5% (p<0.001) and 36.3% (»<0.001), com-
pared with placebo.!1? Teriflunomide 14 mg also reduced
the risk of 12-week sustained accumulated disability pro-
gression by 29.8% (p=0.03) and 31.5% (p=0.04).1%12 In
TEMSO and TOWER, teriflunomide 7 mg reduced ARR by
31.2% (p<0.001) and 22.3% (p=0.02) versus placebo, but
had no significant effect on disability.!!-2 The most frequent
adverse events (AEs) associated with teriflunomide included
alanine aminotransferase (ALT) increases, hair thinning,
diarrhoea, influenza, nausea and paraesthesia. A similar
safety and tolerability profile was observed between the teri-
flunomide 14 mg and 7 mg doses.!!:12

In the TENERE (TErifluNomidE and REbif®) study, the
efficacy, safety and tolerability of teriflunomide was com-
pared with interferon beta-1a (IFNf-1a) in patients with
RMS.

Methods
Patients and procedures

This phase 3, multicentre, parallel-group, rater-blinded
study enrolled patients 18 years of age and older who met
McDonald criteria for MS,'3 had a relapsing clinical course
with or without progression, and an Expanded Disability
Status Scale (EDSS) score <5.5 at screening.!# Patients had
to be relapse free for 30 days prior to randomisation.
Exclusion criteria prohibited prior use of subcutaneous
(SC) IFNp-1a, teriflunomide, or leflunomide; prior or
ongoing use of natalizumab, cladribine, mitoxantrone, or
other immunosuppressants; or use of other interferons,
glatiramer acetate, intravenous immunoglobulins, or
cytokine therapy within 3 months. Patients were also
excluded if they had other relevant systemic illnesses, were
pregnant and/or breast-feeding, or planning to conceive.
The study was conducted in accordance with the 18th
World Health Congress Recommendations, Declaration of

Helsinki, and all applicable amendments. The protocol was
approved by independent ethics committees and institu-
tional review boards, and complied with local laws and
regulations. All patients provided informed consent.

Patients were randomised 1:1:1 to teriflunomide 7 mg or
14 mg (double-blind) or IFNB-1a (open-label), and strati-
fied by country (Americas, Eastern Europe, Western Europe
and Africa) and baseline EDSS score (<3.5 or >3.5).

The treating neurologist was responsible for patient
selection, medication administration, managing AEs, and
relapse and safety assessments, while an examining neu-
rologist scored the Functional Systems (FS) and EDSS. The
examining neurologist remained blinded to treatment and
associated AEs.

Teriflunomide 7 mg or 14 mg was administered as a sin-
gle oral dose with or without food. Patients who discontin-
ued teriflunomide underwent an accelerated elimination
procedure using cholestyramine 8 g three times daily or
activated charcoal powder 50 g four times daily for 11 days.

IFNB-1a was administered as a SC injection three times
per week, with the dose titrated from 8.8 pg for the first 2
weeks to 22 pg for the next 2 weeks, and 44 pg until study
completion. When the 44 pg dose was not tolerated, the
dose was reduced to 22 pg.

The study was completed 48 weeks after the last patient
was randomised, resulting in a variable duration of follow-up.

Study evaluations

The primary composite endpoint was time to failure,
defined as first occurrence of confirmed relapse or perma-
nent treatment discontinuation for any cause. This endpoint
was chosen to evaluate effectiveness, an endpoint relevant
to real-world experience, as it accounts for factors related
to efficacy, safety and tolerability. Relapse criteria required
the appearance of a new clinical sign/symptom or clinical
worsening of a previous sign/symptom (previously stable
for at least 30 days) that persisted for at least 24 hours with-
out fever. Each relapse was confirmed by the treating neu-
rologist based on the objective assessment of the examining
neurologist. A confirmed relapse required a 1-point increase
in each of two FS, a 2-point increase in at least one FS
(excluding bowel/bladder and cerebral) or an increase of
>0.5 points in EDSS score from the previous stable assess-
ment. Scores for FS and EDSS were assessed at randomisa-
tion, Weeks 12, 24 and 36, and then every 12 weeks until
end of treatment.

Secondary endpoints were ARR (number of confirmed
relapses during the treatment period per patient-year),
changes in patient-reported fatigue (using the Fatigue
Impact Scale (FIS), with higher scores indicating worsen-
ing fatigue (range: 0—-160))!>!6 and treatment satisfaction
(using the Treatment Satisfaction Questionnaire for
Medication (TSQM, version 1.4), with domains for
Effectiveness, Side-Effects, Convenience and Global
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Satisfaction (range: extremely dissatisfied—extremely satis-
fied)).!” Scores for FIS and TSQM were documented at
baseline (FIS only) and Weeks 12, 24, 36 and 48, and every
24 weeks thereafter.

Safety and tolerability were assessed using AE report-
ing, vital signs and laboratory assessments. Adverse event
reports were collected at randomisation, Weeks 2, 6, 12, 18,
24, 36 and every 12 weeks thereafter. Vital signs were doc-
umented at screening, randomisation and every 12 weeks
thereafter; clinical laboratory results were assessed through-
out the study. Adverse events and vital signs were also
recorded during unscheduled relapse visits.

Any patient with an ALT increase >3x the upper limit of
normal (ULN; confirmed by retest within 48 hours) was
required to discontinue treatment and undergo further moni-
toring until levels normalised. Any occurrence of ALT >8x
ULN or potential Hy’s Law (ALT >3x ULN and total biliru-
bin >2x ULN) was reported as a serious AE requiring dis-
continuation. Confirmed neutrophil counts <1000 cells/pl,
with or without signs of infection, also necessitated treatment
discontinuation, as did confirmed serum amylase or lipase
values of >5x ULN, with or without clinical pancreatitis.

Statistical analyses

A sample size of 100 randomised patients per treatment arm
provided 81% power to detect a difference between terifluno-
mide and IFNB-1a on time to failure, at a significance level of
a=0.025 (specified for multiplicity consideration). The study
was not powered to detect differences in the individual com-
ponents of the primary endpoint. Hazard rates of 0.4186 for
teriflunomide and 0.7440 for IFNB-1a were assumed, with
recruitment duration of ~1.5 years and average follow-up of
1.75 years per patient.'820 Given the sample size, average
follow-up and assumed ARR of 0.4 in the IFNB-1a arm, the
study would detect ~36% relative reduction in ARR at a 0.05
significance level. Efficacy analyses were conducted on the
intent-to-treat (ITT) population, which included all ran-
domised patients. The safety analysis included all randomised
patients exposed to study medication.

Time to failure was analysed using a log-rank test, with
treatment group as the test variable, and region and baseline
EDSS as stratum variables. All individual follow-up data
were included until either confirmed relapse or permanent
treatment discontinuation. If no events occurred, patients
were considered free of treatment failure and data were
censored at their last visit. The Kaplan—Meier method was
used to estimate the rate of treatment failure at Weeks 24,
48 and 96. If medication was never received or incorrectly
administered, it counted as a treatment failure.

The ARR was analysed using a Poisson regression
model with robust error variance, including total confirmed
relapses prior to discontinuation as the response variable,
and treatment group, EDSS strata and region as covariates.
Log-transformed standardised treatment duration (last dose

date — randomisation date + 1)/365.25 was included as an
offset variable to account for differences in exposure.

A mixed-effect model with repeated measures (MMRM)
including factors for treatment, EDSS strata, region, visit,
treatment-by-visit interaction, baseline value and baseline-
by-visit interaction, was used to analyse change in total FIS
score from baseline to Week 48. The MMRM was also used
to analyse TSQM at Week 48, and included factors for
treatment, EDSS strata, region, visit and treatment-by-visit
interaction.

To estimate compliance, the number of doses the patient
took was divided by the number of doses planned for the
treatment period.

Results
Study disposition and population

Enrolment began on 16 April 2009 and the last patient com-
pleted treatment on 14 September 2011. The ITT population
included 324 patients (IFNB-1a n=104, teriflunomide 7 mg
n=109; teriflunomide 14 mg n=111). Median exposure was
60.1 weeks in the [IFNB-1a group, 66.6 weeks in the teriflu-
nomide 7 mg group, and 64.2 weeks in the teriflunomide 14
mg group. Maximum exposure was ~115 weeks. Mean
compliance was high (IFNB-1a: 97.6%; teriflunomide 7 mg:
99.2%; teriflunomide 14 mg: 98.4%). Overall, 22.4% of
patients discontinued treatment, primarily due to AEs
(Figure 1).

Baseline demographics and characteristics were bal-
anced. However, there was significantly lower DMT use in
the past 2 years in the teriflunomide 14 mg group compared
with the IFN(-1a group (Table 1).

Primary composite endpoint

No difference was found between either dose of terifluno-
mide and IFNB-la on time to failure. At Week 48, the
cumulative percentage of estimated failures using the
Kaplan—Meier method was 37% in the IFNB-1a group, and
36% and 33% in the teriflunomide 7 mg and 14 mg groups
(Figure 2). The contribution of permanent treatment dis-
continuation to the failure rate was highest in the IFNp-1a
group and lowest in the teriflunomide 7 mg group. In con-
trast, the fewest confirmed relapses were observed in the
IFNB-1a group (Table 2). Sensitivity analysis also showed
results were consistent when all relapses (confirmed and
not confirmed) were accounted for (Supplementary
Materials), and when treatment effects were assessed across
baseline strata.

Secondary endpoints

There was no difference in adjusted ARR between IFNB-1a
and teriflunomide 14 mg (0.22 versus 0.26, p=0.6), although
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369 patients screened

A4

45 excluded

324 randomly allocated

! |

l

|104 randomly allocated to IFNf-1a

|109 randomly allocated to teriflunomide 7 mg|

|1 11 randomly allocated to teriflunomide 14 mg|

3 did not receive drug

> (withdrew consent)

A 4

101 received IFN-1a

109 received teriflunomide 7 mg

111 received teriflunomide 14 mg

30 discontinued treatment
22 adverse event
2 lack of efficacy
1 poor compliance
4 withdrew consent
1 other

A 4

22 discontinued treatment
12 adverse event
4 lack of efficacy
1 lost to follow-up
4 withdrew consent

20 discontinued treatment
9 adverse event
7 lack of efficacy
1 lost to follow-up
3 withdrew consent

1 other

71 completed the study on assigned treatment

89 completed the study on assigned treatment |

| 89 completed the study on assigned treatment

Figure 1. Patient disposition.

The study was completed 48 weeks after the last patient was randomised. Median duration of exposure for all treatment groups was 63.6 weeks;

actual maximum exposure was | [4.9 weeks in any group.
IFN: interferon.

ARR was significantly higher with teriflunomide 7 mg
(0.41, p=0.03 versus IFNB-1a) (Table 2). Nelson—Aalen
estimates showed the occurrence of relapse was consistent
over the treatment period, and sensitivity analysis including
relapses occurring after treatment discontinuation was con-
sistent with the primary analysis of relapse (Supplementary
Materials).

The mean change from baseline to Week 48 in total FIS
score indicated a greater adverse impact on fatigue with
IFNB-la compared with either dose of teriflunomide.
Differences from IFNB-1a in total FIS score reached statis-
tical significance only with teriflunomide 7 mg (Table 2).

Mean scores at Week 48 in the TSQM domains of
Global Satisfaction, Side-Effects and Convenience were
significantly improved with both doses of teriflunomide
compared with IFNB-la. Improvements in Global
Satisfaction primarily correlated with improved scores in
the Side-Effects and Convenience domains associated
with teriflunomide. Scores in the Effectiveness domain
did not significantly differ between teriflunomide 14 mg
and IFNB-1a, but were lower with teriflunomide 7 mg
(Table 2).

Safety and tolerability

The safety population included 321 patients (IFNB-la
n=101; teriflunomide 7 mg n=110; teriflunomide 14 mg
n=110). Overall occurrence of AEs was similar across
groups (Table 3). Common AEs (>10% in any group)
reported more frequently with teriflunomide included naso-
pharyngitis, diarrhoea, hair thinning, paraesthesia and back
pain. Influenza-like symptoms, ALT increases and head-
ache occurred more frequently with IFNfB-1a (Table 4 and
Supplementary Materials). We noted a similar incidence of
serious AEs in the IFNB-la and teriflunomide 14 mg
groups, and a higher incidence in the teriflunomide 7 mg
group. With the exception of three cases of increased ALT
in the teriflunomide 7 mg group, no serious AE was reported
more than once. No deaths were reported during the study.

Increased ALT was the most frequent cause of treat-
ment discontinuation, and reported more frequently with
IFNB-1a than with teriflunomide (Tables 4 and 5). The
majority of elevations in any group were <3x ULN,
occurred within the first few months of treatment and gen-
erally normalised with continued treatment or following

Downloaded from msj.sagepub.com at UCSF LIBRARY & CKM on March 29, 2015


http://msj.sagepub.com/
Station800
Highlight

Station800
Highlight

Station800
Highlight

Station800
Highlight

Station800
Highlight

Station800
Highlight

Station800
Highlight

Station800
Highlight

Station800
Highlight

Station800
Highlight

Station800
Highlight

Station800
Highlight

Station800
Highlight


Vermersch et al.

709

Table I. Baseline demographics and disease characteristics.

IFNB-1a (n=104) Teriflunomide Teriflunomide
7 mg (n=109) 14 mg (n=111)

Age, years 37.0 (10.6) 352 (9.2) 36.8 (10.3)
Female, n (%) 71 (68.3) 70 (64.2) 78 (70.3)
Caucasian, n (%) 104 (100) 109 (100) 111 (100)
Region, n (%)

Eastern Europe 35 (33.7) 39 (35.8) 41 (36.9)

Western Europe and Africa? 62 (59.6) 62 (56.9) 64 (57.7)

Americas 7 (6.7) 8(7.3) 6 (5.4)
Time since first symptoms of MS, years 7.7 (7.6) 7.0 (6.9) 6.6 (7.6)
No. of relapses within previous year 1.2 (1.0) 1.3 (0.8) 1.4 (0.8)
No. of relapses within previous 2 years 1.7 (1.1) 1.7 (0.9) 1.7 (0.9)
MS subtype, n (%)

Relapsing—remitting 104 (100) 109 (100) 108 (97.3)

Secondary progressive 0 0 I (0.9)

Progressive relapsing 0 0 2 (1.8)
Use of DMT in previous 2 years, n (%)° 25 (24.0) 23 (21.1) 13 (11.7)

IFNB-lac 6 (5.8) 6 (5.5) 3(2.7)

IFNB-1b 10 (9.6) 9(8.3) 5 (4.5)

Glatiramer acetate 12 (11.5) 10 (9.2) 7 (6.3)
Baseline EDSS score 2.0 (1.2) 2.0 (1.2) 23 (1.4)
Baseline FIS score 34.2 (32.7) 39.5 (34.8) 42.5 (37.8)

Values given are mean (SD) unless otherwise noted.
2Includes one patient from Tunisia.

bDifference in the use of DMT in the previous 2 years was significant between the IFNB-1a and teriflunomide 14 mg groups (p=0.018).
All intramuscular IFNf-la except for one patient in the teriflunomide 14 mg group and one patient in the IFNf-la group (unspecified mode of

administration).

DMT: disease-modifying therapy; EDSS: Expanded Disability Status Scale; IFN: interferon; SD: standard deviation.

s 80 — -~ Teriflunomide 7 mg
E ----- Teriflunomide 14 mg
§ TFNB-1a Teriflunomide 7 mg: 48.6%
= -
< 60 — (p=0.52 vs IFNp-1a)
g e
@
B :
% IFNB-1a: 42.3%
g 40— TR T eeeaaa
-
g Teriflunomide 14 mg: 37.8%
g (p=0.60 vs IFNB-1a)
=3
£ 20
=
2
=
&
0 T T T T T T T T T
0 12 24 36 48 60 72 84 96
No. at risk Weeks
Teriflunomide 7 mg 109 95 81 74 69 43 24 13 6
Teriflunomide 14 mg 111 95 84 77 71 44 30 21 9
IFNB-la 104 84 74 67 65 46 30 15 6

Figure 2. Time to failure.

The Kaplan—Meier method was used to derive estimated rates of failure at Weeks 24, 48 and 96. At Week 48, the cumulative percentage of estimated
failures using the Kaplan—Meier method was 37% in the IFNp-la group, and 36% and 33% in the teriflunomide 7 mg and 14 mg groups, respectively.

IFN: interferon.

Downloaded from msj.sagepub.com at UCSF LIBRARY & CKM on March 29, 2015


http://msj.sagepub.com/

710

Multiple Sclerosis Journal 20(6)

Table 2. Analysis of primary and secondary endpoints, ITT population.

Primary composite endpoint IFNB-1a (n=104) Teriflunomide Teriflunomide
7 mg (n=109) 14 mg (n=111)
Treatment failure, n (%) 44 (42.3) 53 (48.6) 42 (37.8)
Confirmed relapse 16 (15.4) 46 (42.2) 26 (23.4)
Permanent treatment discontinuation? 25 (24.0) 7 (6.4) 15 (13.5)
Adverse event 19 (18.3) 4 (3.7) I'1(9.9)
Lack of efficacy 0 1 (0.9) 0
Lost to follow-up 0 1 (0.9) 1 (0.9)
Poor compliance to protocol I (1.0) 0 0
Other reason for discontinuation 5 (4.8) 1 (0.9) 3(27)
Other reason for treatment failure 3 (29) 0 1 (0.9)¢
No. of patients censored? 60 (57.7) 56 (51.4) 69 (62.2)

Kaplan—Meier, probability of failure (95% CI)
24 weeks

0.30 (021, 0.39)

0.26 (0.18, 0.34)

0.24 (0.16, 0.32)

48 weeks 0.37 (0.27, 0.46) 0.36 (0.27, 0.45) 0.33 (0.25, 0.42)

96 weeks 0.44 (0.34, 0.54) 0.59 (0.46, 0.71) 0.41 (0.31,0.51)
Hazard ratio (95% Cl) 1.12 (0.75, 1.67) 0.86 (0.56, 1.31)
p-value versus IFNf-1a 0.52 0.60

Secondary endpoints IFNB-1a (n=104) Teriflunomide 7 mg Teriflunomide 14 mg
(n=109) (n=111)

Adjusted ARR (confirmed relapse)
Estimate (95% ClI) 0.22 (0.11, 0.42) 0.41 (0.27, 0.64) 0.26 (0.15, 0.44)
Relative risk (95% CI) 1.90 (1.05, 3.43) 1.20 (0.62, 2.30)
Risk difference (95% ClI) 0.19 (0.03, 0.36) 0.04 (-0.11,0.19)
p-value versus IFNf-1a 0.03 0.59

Total FIS, change from baseline to Week 48¢
LS mean (SE) 9.10 (3.21) 0.97 (2.96) 4.10 (3.03)
LS mean difference from IFNf-1a -8.13 (3.67) —-5.00 3.71)
p-value versus IFNf-1a 0.03 0.18

TSQM domain: Effectiveness, Week 48¢
LS mean (SE) 59.30 (2.97) 67.25 (2.70) 63.13 (2.75)
LS mean difference from IFNf-la 7.95 (3.47) 3.84 (3.51)
p-value versus IFNB-1a 0.02 0.28

TSQM domain: Side-effects, Week 48¢
LS mean (SE) 71.38 (2.50) 95.29 (2.31) 93.15 (2.34)
LS mean difference from IFNf-la 23.92 (2.66) 21.77 (2.69)
p-value versus IFNf-la <0.0001 <0.0001

TSQM domain: Convenience, Week 48
LS mean (SE) 61.90 (2.11) 88.30 (1.97) 89.85 (1.98)
LS mean difference from IFNf-1a 26.40 (2.32) 27.96 (2.34)
p-value versus IFNf-1a <0.0001 <0.0001

TSQM domain: Global Satisfaction, Week 48¢
LS mean (SE) 60.98 (2.94) 68.29 (2.77) 68.82 (2.78)
LS mean difference from IFNf-Ia 7.32 (3.22) 7.84 (3.24)
p-value versus IFNf-la 0.02 0.02

2Data here for patients who discontinued treatment do not match patient disposition data (presented in Figure I).In this analysis, time to failure was de-
fined as the first occurrence of confirmed relapse or permanent treatment discontinuation, whichever came first. Patients could not be counted in more
than one category. For example, if a patient relapsed but did not discontinue medication at that point, they were categorised as a confirmed relapse.
Three patients in the IFNB-1a group were never treated, and were therefore counted as treatment failures.

<One patient in the teriflunomide 14 mg group received teriflunomide 7 mg for 3 months, and was therefore counted as a treatment failure.

dIncludes patients considered free of treatment failure (no confirmed relapse or permanent treatment discontinuation) and data censored at last visit.
¢Derived using a mixed-effect model with repeated measures adjusted for EDSS strata, region, visit, treatment-by-visit interaction (FIS assessment
included baseline value and baseline-by-visit interaction).

ARR: annualised relapse rate; Cl: confidence interval; FIS: Fatigue Impact Scale; IFN: interferon; ITT: intent to treat; LS: least squares; SE: standard error;
TSQM:Treatment Satisfaction Questionnaire for Medication.
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Table 3. Adverse events.

IFNB-1a (n=101)? Teriflunomide Teriflunomide
7 mg (n=110)° 14 mg (n=110)®

Overview of adverse events, n (%)
All adverse events 97 (96.0) 103 (93.6) 102 (92.7)
All serious adverse events 7 (6.9) 12 (10.9) 6 (5.5)
Adverse events leading to permanent treatment 22 (21.8) 9(8.2) 12 (10.9)
discontinuation
Deaths 0 0 0
Infections and infestations
Any event 47 (46.5) 71 (64.5) 54 (49.1)
Affecting 210% of patients in any group

Nasopharyngitis 18 (17.8) 28 (25.5) 22 (20.0)
Serious events

Tuberculosis 0 0 1 (0.9)

Chronic sinusitis 0 0 1 (0.9)

Cervicitis 0 1 (0.9) 0

Cellulitis 0 I (0.9)c 0

Anal abscess 1 (1.0) 0 0
Psychiatric disorders
Any event 16 (15.8) 15 (13.6) 9(8.2)
Nervous system disorders
Any event 42 (41.6) 44 (40.0) 30 (27.3)
Affecting 210% of patients in any group

Headache 26 (25.7) 23 (20.9) 17 (15.5)

Paraesthesia 8(7.9) 14 (12.7) 11 (10.0)
Serious events

Optic neuritis 0 1 (0.9) 0
Respiratory, thoracic and mediastinal disorders
Any event 5 (5.0) 15 (13.6) 13 (11.8)
Gastrointestinal disorders
Any event 27 (26.7) 48 (43.6) 41 (37.3)
Affecting >10% of patients in any group

Diarrhoea 8(7.9) 25 (22.7) 23 (20.9)
Serious events

Diarrhoea 0 I (0.9)¢ 0
Skin and subcutaneous skin disorders
Any event 18 (17.8) 18 (16.4) 41 (37.3)
Affecting 210% of patients in any group

Hair thinning 1 (1.0) 6 (5.5) 22 (20.0)
Musculoskeletal and connective tissue disorders
Any event 24 (23.8) 31 (28.2) 29 (26.4)
Affecting 210% of patients in any group

Back pain 7 (6.9) 10 (9.1) 11 (10.0)
Serious events

Intervertebral disc protrusion 0 0 1 (0.9)

Intervertebral disc disorder 1 (1.0) 0 0
Reproductive system and breast disorders
Any event 7 (6.9) 9(82) 17 (15.5)
Serious events

Cervical polyp 1 (1.0) 0 0
General disorders and administration-site conditions
Any event 65 (64.4) 25 (22.7) 16 (14.5)
Affecting 210% of patients in any group

Influenza-like illness 54 (53.5) 4 (3.6) 3(2.7)

(Continued)
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Table 3. (Continued)

IFNB-1a (n=101)2 Teriflunomide Teriflunomide
7 mg (n=110)° 14 mg (n=110)°

Investigations
Any event 41 (40.6) 21 (19.1) 26 (23.6)
Affecting 210% of patients in any group

ALT increased 31 (30.7) 12 (10.9) 11 (10.0)
Serious events

ALT increased 1 (1.0) 3(2.7) I (0.9)c
Other serious eventsd
Neoplasms benign, malignant, unspecified (including cysts and
polyps)

Uterine leiomyosarcoma 0 1 (0.9) 0
Blood and lymphatic system disorders

Neutropenia 0 0 1 (0.9)

Haemolysis 0 1 (0.9) 0
Eye disorders

Eye oedema 0 I (0.9) 0

Optic ischaemic neuropathy 0 1 (0.9) 0
Ear and labyrinth disorders

Vertigo 0 0 1 (0.9)
Cardiac disorders

Supraventricular tachycardia 0 1 (0.9) 0
Vascular disorders

Venous stenosis 1 (1.0) 0 0
Hepatobiliary disorders

Cholecystitis 1 (1.0) 0 0
Injury, poisoning and procedural complications

Forearm fracture 1 (1.0) 0 0

Tibia fracture 0 1 (0.9) 0

Data expressed as a number (%) of patients randomised and treated per assigned group during the study. Reported are common events with system
organ class by internationally agreed order, and preferred term (>10% in any group) by descending order of incidence in the teriflunomide 14 mg group.
aThree patients in the IFNB-1a group were never treated, and were therefore excluded from the safety analysis.

®One patient in the teriflunomide 14 mg group received teriflunomide 7 mg for 3 months, and was therefore included in the teriflunomide 7 mg
group for the safety analysis.

cConsidered by investigators to be associated with study medication.

dOther serious events reported during the study, but did not fall under events with system organ class incidence of >10% in any treatment group.
ALT:alanine aminotransferase; IFN: interferon.

Table 4. Overview of common adverse events (>10% in any group).

IFNB-1a (n=101) Teriflunomide Teriflunomide
7 mg (n=110) 14 mg (n=110)

All adverse events 97 (96.0) 103 (93.6) 102 (92.7)
Adverse events reported more frequently with teriflunomide?
Diarrhoea 8(7.9) 25 (22.7) 23 (20.9)
Nasopharyngitis 18 (17.8) 28 (25.5) 22 (20.0)
Hair thinning I (1.0) 6 (5.5) 22 (20.0)
Paraesthesia 8(7.9) 14 (12.7) 11 (10.0)
Back pain 7 (6.9) 10 (9.1) 11 (10.0)
Adverse events reported more frequently with IFNB-1a2
Headache 26 (25.7) 23 (20.9) 17 (15.5)
ALT increased 31 (30.7) 12 (10.9) 11 (10.0)
Flu-like symptoms 54 (53.5) 4 (3.6) 3(27)

3Frequently reported AEs (210% in any group), with an increased incidence in the teriflunomide groups versus the IFNB-la group, or an increased
incidence in the IFNB-1a group versus teriflunomide groups.
AE:adverse event; ALT: alanine aminotransferase; IFN: interferon.
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Table 5. Adverse events leading to permanent treatment discontinuation.

IFNB-1a (n=101) Teriflunomide Teriflunomide
7 mg (n=110) 14 mg (n=110)

Patients with any adverse event leading to permanent 22 (21.8) 9(8.2) 12 (10.9)
treatment discontinuation, n (%)
Blood and lymphatic system disorders

Neutropenia I (1.0) 1 (0.9) 1 (0.9)
Psychiatric disorders

Depressed mood 0 1 (0.9) 0

Insomnia 2 (2.0) 0 0

Panic attack I (1.0 0 0
Nervous system disorders

Paraesthesia I (1.0) 1 (0.9) 0

Balance disorder I (1.0) 0 0
Respiratory, thoracic and mediastinal disorders

Chronic obstructive pulmonary disease I (1.0) 0 0
Gastrointestinal disorders

Diarrhoea 0 1 (0.9) 1 (0.9)

Gastrointestinal disorder 0 0 1 (0.9)

Nausea 0 0 1 (0.9)

Vomiting 0 0 1 (0.9)

Abdominal pain, upper 0 1 (0.9) 0

Dyspepsia 0 1 (0.9) 0
Hepatobiliary disorders

Gall bladder disorder I (1.0) 0 0
Skin and subcutaneous tissue disorders

Hair thinning 0 0 3(2.7)

Urticaria 0 0 1 (0.9)
Musculoskeletal and connective tissue disorders

Pain in extremity I (1.0) 0 0
Pregnancy, puerperium and perinatal conditions

Pregnancy 2 (2.0 0 0
General disorders and administration-site conditions

Flu-like symptoms 5(5.0) 0 0

Asthenia 2 (2.0) 0 0

Irritability I (1.0) 0 0

Pyrexia I (1.0) 0 0
Investigations

ALT increased 9 (8.9)? 2(1.8) 4 (3.6)

Lipase increased 0 0 1 (0.9)

Blood amylase increased 0 0 1 (0.9)

Hepatic enzyme increased 0 1 (0.9) 0

Transaminase increased I (1.0) 1 (0.9) 0

AST increased I (1.0) 0 0

Neutrophil count decreased I (1.0) 0 0

Presented in descending order of incidence in the teriflunomide 14 mg group.

2There was one additional patient in the IFNB-Ia treatment group who had two consecutive measures of ALT >3x ULN at Week 12 and Week 14,
but who was not discontinued from study treatment as required per protocol.

ALT: alanine aminotransferase; AST: aspartate aminotransferase; IFN, interferon; ULN: upper limit of normal.

discontinuation (Table 6). All serious ALT elevations
were asymptomatic and reversible, and no Hy’s law cases
were observed.

White blood cell abnormalities were less frequent with
teriflunomide 7 mg (4.5%) and 14 mg (5.5%) than with
IFNB-1a (10.9%). Mean decreases from baseline in lym-

phocytes were more pronounced with IFN(-1a than with
teriflunomide. Analysis showed decreases in neutrophil
count from baseline occurred during the first 6 weeks in the
teriflunomide and IFNB-1a groups, and stabilised thereaf-
ter, with an average decrease of 0.7-0.8 Giga/l (Table 6 and
Supplementary Materials).
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Table 6. Laboratory evaluations.

IFNB-1a (n=101) Teriflunomide Teriflunomide
7 mg (n=110) 14 mg (n=110)
ALT increased 74 (73.3) 47 (42.7) 58 (52.7)
>|-<3 ULN, n (%) 58 (57.4) 40 (36.4) 47 (42.7)
>3—<5 ULN, n (%) 12 (11.9) 5 (4.5) 8(7.3)
>5-<20 ULN, n (%)? 4 (4.0 2 (1.8) 3(2.7)
Absolute neutrophil count® 44 (43.6) 27 (24.5) 43 (39.1)
Grade |: 21.5 Giga/l and <LLN, n (%) 21 (20.8) 18 (16.4) 26 (23.6)
Grade 2: 21.0-<1.5 Gigall, n (%) 20 (19.8) 9(8.2) 16 (14.5)
Grade 3: 20.5-<1.0 Giga/l, n (%) 3 (3.0 0 (0) 1 (0.9)
Mean (SD) change from baseline at Week —0.72 (1.59) —0.59 (1.40) —-0.76 (1.85)
48 in neutrophils, Gigall
Lymphocyte decreased® 30 (29.7) 13 (11.8) 17 (15.5)
Grade |: 20.8 Giga/l and <LLN 9 (8.9) 7 (6.4) 9(8.2)
Grade 2: 20.5-<0.8 Giga/l 18 (17.8) 6 (5.5) 7 (6.4)
Grade 3: 20.2—<0.5 Giga/l 3 (3.0) 0 (0) 2(1.8)
Mean (SD) change from baseline at Week -0.30 (0.63) -0.15 (0.47) -0.29 (0.39)

48 in lymphocytes, Gigall

2No ALT >20 ULN was reported.

®No Grade 4 neutropenia or lymphocyte decrease was observed in any treatment group.
ALT: alanine aminotransferase; IFN: interferon; LLN: lower limit of normal; ULN: upper limit of normal.

There was a similar incidence of infections in the
IFNp-1a and teriflunomide 14 mg groups, and a higher inci-
dence in the teriflunomide 7 mg group. Mild-to-moderate
upper respiratory tract infections predominated, and there
was no increased risk of serious infection with either treat-
ment (1.0% in the IFNB-1a group and 1.8% in each teriflu-
nomide group).

Gastrointestinal events occurred more frequently with
teriflunomide than with IFNB-1a. The majority of cases
were nausea and diarrhoea, which were rarely serious and
infrequently led to treatment discontinuation. For the major-
ity of patients with nausea and diarrhoea, full recovery was
observed while continuing treatment. Most events were
mild to moderate and did not require corrective therapy.

Hair thinning was more common with teriflunomide.
The majority of cases occurred during the first 6 months
and were mostly mild to moderate. Only three (2.7%)
patients in the teriflunomide 14 mg group discontinued due
to hair thinning (no patients in the teriflunomide 7 mg
group). Most patients with hair thinning recovered while
continuing treatment.

Influenza-like illness was reported more frequently with
IFNp-1a than with teriflunomide. No patients discontinued
due to influenza in the teriflunomide groups, though 5.0%
discontinued in the IFNf-1a group.

There was a higher mean increase in systolic blood pres-
sure from baseline to Week 48 with teriflunomide 14 mg
(4.70 mmHg) and teriflunomide 7 mg (1.49 mmHg) com-
pared with IFNB-1a (0.04 mmHg), with a similar trend for
diastolic blood pressure (14 mg: 4.39 mmHg; 7 mg: 0.99
mmHg; IFNB-1a: 0.29 mmHg) (Supplementary Materials).
No reports of hypertension were considered serious or
resulted in treatment discontinuation.

Discussion

This trial did not demonstrate a significant difference
between teriflunomide and IFNB-1a on the primary com-
posite endpoint of time to failure. Formal conclusions on
effectiveness are challenging, as a larger patient popula-
tion, longer treatment duration, and magnetic resonance
imaging outcomes would be needed for a more robust com-
parison. However, the inclusion of relapse and permanent
treatment discontinuation as components of the primary
endpoint provides some clinical insight into the relative
efficacy and tolerability of the two therapies.

Reductions in ARR were comparable in the terifluno-
mide 14 mg and IFNB-1a groups, while ARR was signifi-
cantly higher in the teriflunomide 7 mg group. The more
robust effect observed with teriflunomide 14 mg compared
with teriflunomide 7 mg is consistent with previous find-
ings from phase 3 trials, in which a dose-response with
teriflunomide was observed in ARR and significant
decreases in disability progression were attained only with
teriflunomide 14 mg.!1.12

Despite the higher rate of treatment discontinuation with
IFNB-1a compared with teriflunomide, a major contribu-
tion of this imbalance on the ARR analysis was unlikely for
several reasons. Firstly, variable treatment duration was
accounted for in the statistical analysis. Secondly, the
occurrence of relapses was consistent over time. Finally, a
sensitivity analysis, which included relapses occurring after
treatment discontinuation, was consistent with the main
analysis of relapse.

An ad-hoc subgroup analysis evaluated the potential
impact of previous MS medications on the primary com-
posite endpoint and relapse. Outcomes did not detect a
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significant interaction between clinical responses and
patients who had previously received interferon, and who
may have experienced a suboptimal response. It may also
be noted that while the examining neurologist was blinded
to treatment, patients were un-blinded, which could have
introduced a potential bias.

Adverse events leading to treatment discontinuation
were highest in the IFNf-1a group and were partly related
to ALT increases. In a previous study of patients with MS
receiving SC IFNB-1a 44 pg three times weekly, ALT ele-
vations were common. However, increases generally
resolved spontaneously, or with a dose reduction or treat-
ment interruption.?! Our protocol did not allow for dosage
modification, and any patient with confirmed ALT >3x
ULN was required to permanently discontinue study treat-
ment. The application of this rule across groups contributed
to a higher rate of discontinuation in the IFNf3-1a group and
it is unknown if, in the clinical setting, other approaches to
managing liver enzyme elevations of this magnitude would
have been effective. However, the low rate of ALT increases
requiring discontinuation in the teriflunomide groups was
consistent with previous clinical trial findings.!?

No unexpected safety concerns emerged, and the safety
profile of teriflunomide was consistent with previous tri-
als.!219.22 Differences in safety and tolerability profiles are
expected to factor in treatment selection, depending on
patients’ individual characteristics and potential comor-
bidities. Teriflunomide and IFNf-1a varied in tolerability,
with flu-like symptoms more frequent with IFNf-1a, and
diarrhoea and hair thinning more common with terifluno-
mide. For these AEs common with teriflunomide, cases
generally resolved with continued treatment, and discon-
tinuation rates were low. Effects on laboratory evalua-
tions, including liver enzymes and haematological
parameters, were more pronounced with IFNfB-1a than
with teriflunomide.

Non-adherence is common with DMTs and often relates
to tolerability. In an observational study of patients with
RMS (N=2566), 25% reported non-adherence or missing
>1 DMT injection in the previous 4 weeks. Of these
patients, 32% reported at least one injection-related rea-
son.?? Research indicates that oral medications and once-
daily dosing regimens can improve adherence, and thereby
treatment outcomes.?*?5 In this study, teriflunomide-treated
patients had greater treatment satisfaction, which may
improve future adherence.!” This prediction is in line with
the expected benefit of an oral agent over an injectable
therapy.

This study did not detect a difference in time to failure
between either dose of teriflunomide and IFNB-1a. A dose-
response was observed with teriflunomide on ARR, as the
14 mg dose had a similar effect on relapse compared with
IFNB-1a, and the 7 mg dose was associated with a signifi-
cantly higher relapse rate. Overall, patients reported greater
satisfaction and less fatigue with teriflunomide than with
IFNpB-1a. Based on these outcomes, teriflunomide can be

considered as an alternative therapy for patients with RMS
for whom treatment with interferon is being considered.
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