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e with relapsing-remitting multiple sclerosis. Methods: This double-blind,
(Grafelfing, Germany).

24 weeks, placebo-controlled, phase 2 trial (EMPhASIS) enrolled patients 18—
55 years with relapsing-remitting multiple sclerosis. Eligible patients were ran-
domly assigned (1:1:1) to once-daily vidofludimus calcium (30 mg or 45 mg)
or placebo. The primary endpoint was the cumulative number of combined
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Annals of Clinical and Translational unique active lesions to week 24 between vidofludimus calcium 45 mg and pla-
Neurology 2022; 9(7): 977-987 cebo (clinicalTrials.gov number NCTO03846219; EudraCT 2018-001896-19).

Results: After 24 weeks, the mean cumulative number of combined unique
doi: 10.1002/acn3.51574 active lesions was 6.4 (95% CI: 2.8-13.9) with placebo compared to 2.4 (95%

CIL: 1.1-4.9) with vidofludimus calcium 45 mg (rate ratio 0.38, 95% CI: 0.22—
0.64; p = 0.0002); the rate ratio between vidofludimus calcium 30 mg and pla-
cebo was 0.30 (95% CI: 0.17-0.53; p < 0.0001). Treatment-emergent adverse
events occurred in 30 (44%) of patients assigned placebo and 60 (43%) of
patients assigned vidofludimus calcium. Serious adverse events occurred in one
(1%) assigned placebo and two (1%) assigned vidofludimus calcium. No
increased incidence of infectious, hepatic, or renal treatment-emergent adverse
events or serious adverse events was observed. Interpretation: Treatment with
vidofludimus calcium led to a reduction in new magnetic resonance imaging
lesions in patients with relapsing-remitting multiple sclerosis and was well
tolerated with a favorable safety profile. Assessment in longer, larger trials is
justified.
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Introduction

The immunopathogenesis of multiple sclerosis is charac-
terized by pathogenic T and B cells that infiltrate the cen-
tral nervous system and cause multifocal inflammation,
demyelination, and neurodegeneration. Active and rapidly
dividing lymphocytes meet their pyrimidine needs by
highly ~ expressing  dihydroorotate  dehydrogenase
(DHODH),"? a mitochondrial enzyme involved in the
rate-limiting step of de novo pyrimidine synthesis,
whereas resting lymphocytes are able to meet their pyrim-
idine needs through an DHODH-independent salvage
pathway.>® Hence, DHODH blockage is of significant
clinical interest in pathologies mediated by activated
pathogenic lymphocyte populations. The role of DHODH
in the pathogenesis of multiple sclerosis was demon-
strated in the TEMSO and TOWER trials of terifluno-
mide, the only approved DHODH inhibitor in Europe
and the United States for relapsing forms of multiple scle-
rosis.”® Use of teriflunomide can be limited by its side
effect profile: diarrhea, alopecia, neutropenia, and elevated
liver enzymes.”

Vidofludimus calcium is a novel, orally available,
highly selective inhibitor of DHODH in development
for immune-mediated inflammatory diseases including
relapsing multiple sclerosis, ulcerative colitis,® primary
sclerosing  cholangitis,” and coronavirus disease
2019.'""" Vidofludimus calcium has a half-life of
approximately 30 h that allows for once-daily oral dos-
ing and rapid wash-out at treatment discontinuation,'”
exhibited submicromolar potency against human
DHODH, and inhibited T-lymphocyte proliferation and
secretion of interleukin (IL)-17 and IFN-y in vitro."
Vidofludimus calcium demonstrated dose-dependent
activity in experimental autoimmune encephalomyelitis
in rodents.'”” More than 800 healthy volunteers or
patients with immune-related conditions have been
exposed to vidofludimus in completed or ongoing trials.
In the COMPONENT trial, patients with active rheuma-
toid arthritis treated with 35 mg vidofludimus-free acid
once-daily for 13 weeks had an overall similar safety
profile as compared to placebo.'* This included no
notable increases in diarrhea, alopecia, neutropenia, or
liver enzyme elevations.

In light of these findings, vidofludimus calcium may be
both effective in treating relapsing multiple sclerosis and
potentially have a strong safety and tolerability profile.
Here we report the results of a phase 2, multi-center,
double-blind, randomized-controlled trial (EMPhASIS)
that investigated the safety and efficacy of vidofludimus
calcium as compared to placebo in patients with
relapsing-remitting multiple sclerosis.
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Methods

Study design and participants

The EMPhASIS trial is a randomized, double-blind,
placebo-controlled, phase 2 trial conducted at 38 medical
centers in Bulgaria, Poland, Romania, and Ukraine
(Table S1). The EMPhASIS trial consists of two cohorts:
cohort one, which evaluated the efficacy and safety of
30 mg or 45 mg vidofludimus calcium compared to pla-
cebo; and cohort two, which evaluates the efficacy and
safety of 10 mg vidofludimus calcium compared to pla-
cebo. The data presented in this report describe cohort
one. Cohort two is currently ongoing, still blinded, and
will be published separately.

The doses of 30 and 45 mg vidofludimus calcium were
selected based on available in vitro, pharmacokinetic, and
clinical data. The ICs, for in vitro inhibition of cytokine
release in human lymphocytes was ~5-8 uM, which is
approximately equivalent to serum trough concentrations
following 20 mg vidofludimus calcium or higher observed
in humans at steady-state.'” Clinical trial experience in
other autoimmune diseases suggested the lowest active
dose was between 20 mg and 35 mg.'*'®> Repeated doses
up to 50 mg vidofludimus calcium were safe and well tol-
erated in Phase 1 trials."?

Participants aged 18-55 years with a diagnosis of
relapsing-remitting multiple sclerosis meeting the 2017
McDonald criteria'® were potentially eligible for the
study. Additional inclusion criteria included an Expanded
Disability Status Scale (EDSS) score of 0—4 and evidence
of multiple sclerosis disease activity, defined as at least
two relapses in the last 24 months (or at least one relapse
in the last 12 months) before randomization and one or
more multiple sclerosis-related gadolinium-enhancing
brain lesions in the last 6 months before informed con-
sent. Key exclusion criteria were as follows: any multiple
sclerosis type other than relapsing-remitting multiple scle-
rosis; a relapse within 30 days before screening or during
the screening period; a history of nephrolithiasis or an
underlying condition with a strong association of
nephrolithiasis, or gout; or other clinically significant
medical illnesses or laboratory abnormalities. The follow-
ing treatments had to be discontinued for at least
12 months prior to screening: any intravenous
immunoglobulin, mitoxantrone, cytotoxic, or immuno-
suppressive therapy. Patients were excluded if they had
any previous or current use of natalizumab, alem-
tuzumab, daclizumab, ocrelizumab, anti-CD4 therapy,
rituximab, belimumab, or any DHODH inhibitor (e.g.,
teriflunomide and leflunomide). A list of the full inclu-
sion and exclusion criteria is provided in Table S2.

978 © 2022 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.



R.J. Fox et al.

The study was approved as required by applicable regu-
latory authorities and an independent ethics committee.
The study was conducted in accordance with the Interna-
tional Council for Harmonization Guideline for Good
Clinical Practice (ICH GCP) and the Declaration of Hel-
sinki as well as in keeping with applicable local laws and
regulations. A steering committee was established by the
funder who monitored the conduct of the trial and regu-
larly reviewed safety data. The steering committee
remained blinded throughout the study until database
lock; however, unblinded safety analyses could be
requested by the steering committee at any time, if neces-
sary. A risk management system in line with the ICH
GCP Guideline E6 (R2) was used to specify, track, and
control risks associated with the study. This included the
evaluation of adverse events and serious adverse events by
medical monitors; risk assessment meetings were con-
ducted every 3 months. Ethics oversight was provided by
local ethics committees and all participants provided writ-
ten informed consent before any study-related procedures
were conducted. A placebo was considered ethically justi-
fied because access to relapsing MS therapies is limited in
the countries where this study was conducted. The study
is registered with ClinicalTrials.gov (NCT03846219) and
EudraCT (2018-001896-19).

Randomization and masking

Participants were randomly assigned in a 1:1:1 ratio to
receive vidofludimus calcium (30 mg or 45 mg) or match-
ing placebo (with identical appearance, shape, color, label-
ing, and packaging) using a centralized interactive web
response system based on randomization lists provided by
an independent, unblinded team of biostatisticians (FGK
Clinical Research GmbH). Randomization was stratified by
the presence or absence of gadolinium-positive lesions and
magnetic resonance imaging (MRI) field strength.

The study sponsor, trial participants, study physicians,
central MRI assessors, and all other personnel directly
involved in the conduct of the trial were masked to the
treatment assignments during the 24-week treatment per-
iod. To achieve blinding for the evaluation of clinical
endpoints, a treating physician oversaw the medical man-
agement of each patient and a separate, evaluating physi-
cian  performed all  standardized  neurological
examinations needed for EDSS. Patients and the treating
physicians were instructed to not exchange any
treatment-related information or adverse events with the
evaluating physician, who was restricted to speak to the
patient for the purposes of the EDSS evaluation only. The
evaluating physician did not have access to electronic case
report forms, MRI scans, laboratory reports, or any other
source documents.
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Procedures

Participants took vidofludimus calcium (30 or 45 mg) or
placebo once daily in the morning in a fasted state (be-
fore breakfast) for 24 weeks. To minimize the risk of
changes to uric acid during the first 7 days of dosing, the
assigned dose (containing vidofludimus calcium 15 mg,
vidofludimus calcium 22.5 mg, or placebo) was taken on
days 06 and then the full dose thereafter.

Participants underwent standardized brain MRI scans
at baseline and every 6 weeks after the first day of dosing
until week 24 (Table S3). MRI scans were centrally ana-
lyzed by a blinded and independent MRI center. Key clin-
ical assessments included EDSS score (assessed at
baseline, days 0 and 6, and weeks 6, 12, 18, and 24) and
the Treatment Satisfaction Questionnaire for Medication'”
(assessed at baseline, week 6, and week 24), which were
likewise done at any unscheduled visit due to a suspected
relapse. In the case of suspected or protocol-defined con-
firmed relapse, corticosteroid treatment was offered at the
discretion of the investigator. Pharmacokinetic and phar-
macodynamic measurements were also collected.

Adverse events were assessed at all scheduled (screening,
baseline, day 7, and weeks 6, 12, 18, and 24) and unsched-
uled clinic visits. Routine clinical chemistries, hematology,
liver function tests, and urinalysis were collected at all
scheduled visits. Vital signs and electrocardiography were
conducted at screening and regularly scheduled intervals.
Adverse events of special interest included: red blood cells
in urine, hematuria, and retroperitoneal colicky pain with
suspected or confirmed nephrolithiasis.

Patients were required to discontinue treatment if at
least one of the protocol-defined criteria for liver events
was met: alanine aminotransferase (ALT) or aspartate
aminotransferase (AST) greater than eight times the
upper limit of normal (ULN); ALT or AST greater than
five times the ULN for more than 2 weeks; ALT or AST
greater than three times the ULN and total bilirubin great
than two times the ULN (or international normalized
ratio of greater at 1-5 times the ULN); ALT or AST
greater than three times the ULN with concomitant fati-
gue, nausea, vomiting, right upper quadrant pain or ten-
derness, fever, rash, or eosinophilia; or indirect bilirubin
greater than three times the ULN.

Outcomes

The primary endpoint was the difference in the cumula-
tive number of combined unique active lesions
(gadolinium-enhancing lesions and new/enlarging T2
lesions, without double-counting the same lesion) up to
week 24 between vidofludimus calcium 45 mg and pla-
cebo in the intention-to-treat population (i.e., weeks 6—
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24). The key secondary was the same outcome between
vidofludimus calcium 30 mg and placebo. A sensitivity
analysis of the primary endpoint and key secondary end-
point was done in the per-protocol population and the
modified intention-to-treat population. In addition, pre-
specified subgroup analyses of the primary endpoint and
key secondary endpoint in the intention-to-treat popula-
tion were done based on baseline demographics (gender,
age, weight, country), MRI characteristics (gadolinium-
enhancing lesions strata), and clinical characteristics
(EDSS score, duration of disease, and relapse history).

The intention-to-treat population was defined as all
randomized patients who received at least 1 dose of pla-
cebo or vidofludimus calcium and were analyzed by the
groups to which they were randomized. The safety popula-
tion included all randomized patients who received at least
1 dose of placebo or vidofludimus calcium and was ana-
lyzed by the treatment actually assigned. The per-protocol
population was defined as all randomized patients receiv-
ing at least 1 dose of placebo or vidofludimus calcium and
no violations of major protocol criteria during treatment.
Major protocol violations are listed in the Supplementary
Material (p. 19). The modified intention-to-treat popula-
tion was defined as all randomized patients receiving at
least 1 dose of placebo or vidofludimus calcium and hav-
ing all MRI scans available for analysis.

Other secondary endpoints included: the difference in
the cumulative number of combined unique active lesions
up to week 24 between vidofludimus calcium 45 mg and
vidofludimus calcium 30 mg; number or cumulative num-
ber of gadolinium-enhancing, T1, or T2 lesions up to
24 weeks; annualized relapse rate from baseline until week
24; proportion of relapse-free patients up to week 24;
time-to-first relapse; change in EDSS score from baseline;
proportion of patients with EDSS score progression; brain
atrophy and other MRI endpoints; and safety and tolerabil-
ity as assessed by the investigators. The annualized relapse
rate was defined as the total number of confirmed relapses
divided by the real exposure time in years assessed over
the time during the double-blind treatment period. EDSS
progression was defined as an increase compared to base-
line of at least 1.0 point for patients with a baseline EDSS
score of 1.0 to 4.0 or of at least 1.5 points for patients with
a baseline EDSS score of 0. Vidofludimus calcium trough
concentrations (weeks 6 and 24) were used to assess the
correlation between pharmacokinetics and MRI-based
assessments. The effects of vidofludimus calcium on serum
neurofilament (baseline and week 24) were also analyzed.

Statistical analysis

The primary and secondary efficacy endpoints were ana-
lyzed using a generalized linear model with a negative
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binomial distribution and a logarithmic link function.
Independent effects included in the model were as fol-
lows: treatment group, baseline volume of T2 lesions,
MRI field strength, and baseline number of gadolinium-
enhancing lesions. The natural log transformation of the
time from the first dose to the date of the last MRI
assessment was included as an offset term to account for
different lengths of treatment. Rate ratios (and corre-
sponding 95% ClIs) were derived from the model to com-
pare the cumulative number of combined unique active
lesions between groups. Analysis of the key secondary
endpoint was conducted hierarchically to the primary
endpoint. Both tests were performed at a significance level
of 0-1 (one-sided).

All other secondary efficacy analyses were reported
using descriptive statistics and were considered explora-
tory. The mean number or cumulative number of
gadolinium-enhancing, T1, or T2 lesions were summa-
rized descriptively and analyzed with a generalized linear
model as described earlier but adjusted for MRI field
strength and baseline number of gadolinium-enhancing
lesions only. The annualized relapse rate was compared
between treatment groups and between the pooled vid-
ofludimus calcium groups and placebo using a general-
ized linear model adjusted for baseline number of
gadolinium-enhancing lesions, which included the offset
term for real exposure time. Time-to-first relapse up to
24 weeks was analyzed using a Cox proportional hazards
model, with covariates for treatment group and baseline
gadolinium-enhancing lesions strata. The proportion of
patients free of relapse was estimated using the Kaplan—
Meier method. Statistical analyses were done using SAS
version 9.4 (SAS Institute, Cary, NC, USA).

A sample size of 195 patients (65 patients per group)
was designed to have 80% power on the primary end-
point assuming a mean rate of cumulative combined
unique active lesions after 24 weeks of 4.5 and 8.0 for
vidofludimus calcium 45 mg and placebo, respectively.
The sample size calculation was based on a one-side test
for the ratio of two negative binomial rates assuming a
negative binomial dispersion parameter of 1.7, a 25%
withdrawal rate, and a 10% overall type I error rate. No
interim analysis was planned or performed.

Role of the funding source

The funder contributed to study design, project oversight,
medical oversight, interaction with the steering commit-
tee, data interpretation, and writing, review, and approval
of the report. The funder contracted with FGK Clinical
Research GmbH to gather, analyze, and write the report.
Data interpretation was done by the funder and authors.
All authors had full access to all the data in the study and
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had final responsibility for the decision to submit for
publication.

Results

Of 284 patients screened between Jan 2, 2019 and Oct 4,
2019, 210 were randomized to receive placebo (n = 69),
vidofludimus calcium 30 mg (n = 72), or vidofludimus
calcium 45 mg (n = 69), one of whom withdrew consent
and was not treated (vidofludimus calcium 30 mg
group) (Fig. 1). Most of the patients who did not meet
eligibility criteria were excluded because they received
corticosteroids within 30 days of the screening MRL
Patients were from study centers in Bulgaria (n = 60
[29%]), Poland (n = 26 [12%]), Romania (n = 6 [3%]),
and Ukraine (n = 118 [56%]). Two hundred and nine
patients received at least 1 dose of placebo or

Vidofludimus Calcium in Multiple Sclerosis

vidofludimus calcium and comprised the intention-to-
treat population and safety population. 198 (95%) of
209 patients completed the study and completion rates
were similar between the placebo (n = 64 [93%]), vid-
ofludimus calcium 30 mg (n =69 [97%]), and vid-
ofludimus calcium 45 mg (n = 65 [94%]) groups. In
total, 11 (5%) of 209 patients discontinued the study
treatment prematurely, which consisted of five (7%)
patients assigned placebo, two (3%) assigned vid-
ofludimus calcium 30 mg, and four (6%) assigned vid-
ofludimus calcium 45 mg. Five discontinuations were
attributable to treatment-emergent adverse events in the
placebo (n =3 [4%]) and vidofludimus calcium (n = 2
[1%]) groups. The per-protocol population consisted of
188 (90%) of 209 patients.

Overall, baseline patient demographics, clinical, and MRI
characteristics were comparable between groups although

284 assessed for eligibility

74 excluded

74 did not meet eligibility
criteria

A

210 randomly assigned

> 1 not treated (withdrew consent)

v :

71 assigned to
vidofludimus 30 mg

69 assigned to placebo

69 assigned to
vidofludimus 45 mg

5 discontinued treatment
2 adverse event

2 discontinued treatment

4 discontinued treatment

2 fulfilled hepatotoxicity
P stopping rules
2 withdrew consent

2 withdrew consent

1 fulfilled hepatotoxicity P
stopping rules
2 withdrew consent
A 4

y

64 completed study 69 completed study

65 completed study

v

v

69 included in the intention-to-
treat analysis

69 included in the safety
analysis

62 included in the per-protocol
analysis

61 included in the modified
intention-to-treat analysis

71 included in the intention-to-
treat analysis

71 included in the safety
analysis

65 included in the per-protocol
analysis

65 included in the modified
intention-to-treat analysis

v

69 included in the intention-to-
treat analysis

69 included in the safety
analysis

61 included in the per-protocol
analysis

61 included in the modified
intention-to-treat analysis

Figure 1. Trial profile.
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the vidofludimus calcium 30 mg group consisted of slightly
fewer females (Table 1). 129 (62%) of 209 patients had no
prior exposure to disease-modifying therapy.

In the primary analysis, the adjusted mean cumulative
number of combined unique active lesions up to
24 weeks was 6.4 (95% CI 2.8-13.9) with placebo and 2.4
(95% CI 1.1-4.9) with vidofludimus calcium 45 mg (62%
reduction; rate ratio 0.38, 95% CI 0.22-0.64; p = 0.0002;
Table 2). The key secondary outcome was 13.2 (95% CI
6.6-26.4) with placebo and 4.0 (95% CI 2.2-7.2) with
vidofludimus calcium 30 mg (70% reduction; rate ratio
0.30, 95% CI 0.17-0.53; p < 0.0001). Consistent results
were observed in a pre-planned sensitivity analysis of the
per-protocol population and the modified intention-to-
treat population (Table S4). Prespecified univariate sub-
group analyses also found fewer adjusted mean cumula-
tive number of combined unique active lesions up to
24 weeks in either vidofludimus calcium groups as com-
pared to placebo in most subgroups tested, although sig-
nificance analysis was not conducted because they were
exploratory outcomes (Fig. S1). No notable difference in
the adjusted mean cumulative number of combined
unique active lesions up to 24 weeks was observed
between vidofludimus calcium 30 and 45 mg.

Lower adjusted mean cumulative number of combined
unique active lesions up to 24 weeks in either vid-
ofludimus calcium groups compared to placebo was

R.J. Fox et al.

evident as early as week 6 and continued through week 24
(Fig. 2A). This observation was similar when assessing the
adjusted mean cumulative number of gadolinium-
enhancing lesions up to 24 weeks (Fig. 2B). The cumula-
tive number of new gadolinium-enhancing lesions at
week 24 was 13-0 (95% CI: 6.8-24.5) with placebo, 4.5
(95% CI: 2.7-7.7) with vidofludimus calcium 30 mg,
and 4.0 (95% CI: 2.1-7.8) with vidofludimus calcium
45 mg. The adjusted mean annualized relapse rate was
0.53 (95% CI: 0.32-0.89) with placebo, 0.39 (95% CI:
0.22-0.69) with vidofludimus calcium 30 mg, and 0.48
(95% CI: 0.28-0.82) with vidofludimus calcium 45 mg.
The rate ratio between vidofludimus calcium 30 mg ver-
sus placebo and vidofludimus calcium 45 mg versus pla-
cebo was 0.72 (95% CI: 0.34-1.55) and 0.90 (95% CI:
0.44-1.86), respectively. The hazard ratio for relapse up
to 24 weeks between vidofludimus calcium 30 mg versus
placebo and vidofludimus calcium 45 mg versus placebo
was 0.58 (95% CI: 0.26-1.29) and 0.78 (95% CI: 0.37—
1.59), respectively. Median change in neurofilament light
chain in serum from baseline to week 24 was 6.5%,
—17.0%, and —20.5% for placebo, vidofludimus calcium
30 mg, and vidofludimus calcium 45 mg, respectively.
All other secondary efficacy outcomes are provided in
the Supplementary Material.

Both doses of vidofludimus calcium were well toler-
ated. A similar proportion of patients experienced at least

Table 1. Baseline patient demographics, clinical and MRI characteristics (intention-to-treat population).

Placebo Vidofludimus calcium 30 mg Vidofludimus calcium
(n=69) (n=71) 45 mg (n = 69)

Age (years) 37 (21-55) 38 (18-55) 36 (21-51)
Female 46 (67 %) 40 (56%) 50 (73%)
Race

White 69 (100%) 71 (100%) 69 (100%)
Previous exposure to disease-modifying drugs’

No exposure 45 (65%) 43 (61%) 41 (59%)

Interferon or glatiramer acetate 14 (20%) 11 (15%) 19 (28%)

Oral drugs 10 (15%) 17 (24%) 8 (12%)

Biologics (antibodies) 0 0 1 (1%)
Duration of disease (years)? 3.61 (0.04-26.5) 3.58 (0.02-24.6) 3.49 (0.01-22.8)
EDSS score 2.73 (0.90) 2.65 (0.83) 2.56 (0.96)
Number of relapses in the last 24 months

1 35 (51%) 32 (45%) 35 (51%)

2 25 (36%) 28 (39%) 28 (41%)

>3 9 (13%) 11 (15%) 6 (9%)
Gadolinium-positive lesions

0 33 (48%) 39 (55%) 33 (48%)

>1 36 (52%) 32 (45%) 36 (52%)
Number of gadolinium-positive lesions 1.2 (2.1) 1.4 (2.4) 0.9 (13)

Volume of T2 lesions per patient (cm®) 11.980 (10.417)

13.341 (15.079)

13.918 (12.946)

Data are n (%), mean (SD), or median (range). EDSS = Expanded Disability Status Scale.

'Last treatment line.

2Duration since time at which the diagnosis of multiple sclerosis was first documented.
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Table 2. Cumulative number of combined unique active lesions up to
24 weeks (intention-to-treat population).

Cumulative Rate
Comparison CUA lesions ratio  95% ClI p-value
Primary endpoint (45 mg vs. placebo)
Placebo (n = 69) 6.3 (2.8-13.9) - - -
Vidofludimus 2.4 (1.1-4.9) 0.38 0.22-0.64 0.0002
calcium 45 mg
(n =69)

Key secondary endpoint (30 mg vs. placebo)
Placebo (n = 69) 13.2 (6.6-26.4) - — -
Vidofludimus 4.0 (2.2-7.2) 0.30 0.17-0.53 <0.0001
calcium 30 mg
(n=71)
Secondary endpoint (45 mg vs. 30 mg)

Vidofludimus 4.4 (2.4-8.1)
calcium 45 mg
(n =69)

Vidofludimus
calcium 30 mg
(n=71)

4.2 (25-7.1) 0.96 0.56-1.63 nc

Data are adjusted mean (95% Cl). CUA = combined unique active.
nc = not calculated.

For comparison between treatment arms, the number of cumulative
CUA lesions were adjusted for baseline T2 lesion volume, MRI field
strength (1.5 or 3.0 Tesla), and baseline number of Gd+ lesions (O,
>1) using a generalized linear model with a negative binomial distri-
bution and a logarithmic link function. This ensured that these base-
line and imaging factors did not influence inter-group comparisons.
Such adjustments lead to different number of lesions for treatment
arms displayed in different analyses depending on the comparator
used.

Cumulative number of unique active lesions

Baseline  Week6  Week12  Week 18  Week 24

Vidofludimus Calcium in Multiple Sclerosis

one treatment-emergent adverse event in the placebo (44%),
vidofludimus calcium 30 mg (45%), and vidofludimus cal-
cium 45 mg (41%) groups, which were predominantly mild
or moderate in severity (Table 3). Alopecia, fatigue, rash,
and cystitis were treatment-emergent adverse events that
occurred in greater than 1% of vidofludimus calcium-
treated patients that were not recorded in placebo-treated
patients (1%—4%). Serious adverse events were low (0%-—
3%). Three patients experiencing four serious adverse events
occurred in the vidofludimus calcium 30 mg (n = 2) and
the placebo group (n = 1) and were considered unrelated to
treatment: hydronephrosis and ureterolithiasis (vidofludimus
calcium 30 mg), open fracture (vidofludimus calcium
30 mg), and squamous cell carcinoma of the cervix (pla-
cebo). The two most common treatment-emergent adverse
events, headache, and nasopharyngitis, occurred with similar
frequency between the placebo and either vidofludimus cal-
cium groups. No remarkable cardiovascular, hematological,
infectious, or malignancy-related adverse events were noted.
Adverse events of special interest occurred in one (1%)
patient treated with placebo (hematuria) and one (1%)
patient treated with any dose of vidofludimus calcium
(ureterolithiasis). Renal treatment-emergent events occurred
in one (1%) patient treated with placebo and three (2%)
patients treated with any dose of vidofludimus calcium. No
changes in serum uric acid were observed in any treatment
group over 24 weeks. No deaths occurred during the trial.
Hepatic  treatment-emergent adverse events were
recorded in three (4%) patients treated with placebo and
in six (4%) patients treated with any dose of vidofludimus

Cumulative number of gadolinium-
enhancing lesions
-
S

Baseline  Week6  Week12  Week 18  Week 24

Figure 2. Cumulative number of combined unique active lesions (A) and gadolinium-enhancing lesions (B) from baseline to Week 24 (intention-
to-treat population). Red: placebo (n = 69); green: vidofludimus calcium 30 mg (n = 71); blue: vidofludimus calcium (n = 69). Data are presented
as adjusted mean with the upper and lower limits of the 95% Cls. MRI = magnetic resonance imaging. Estimates were adjusted for baseline vol-
ume of T2 lesions, MRI field strength (1.5 or 3.0 Tesla), and baseline number of gadolinium-enhancing lesions (0 or >1) using a generalized linear
model with a negative binomial distribution and a logarithmic link function.
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Table 3. Summary of treatment-emergent adverse events (safety population).
Placebo Vidofludimus Vidofludimus
(n =69) calcium 30 mg (n = 71) calcium 45 mg (n = 69)

Any treatment-emergent adverse event' 30 (44%) 32 (45%) 28 (41%)
Number of treatment-emergent adverse events 62 69 59
Treatment-emergent adverse events occurring in >5% of total patients by preferred term?

Headache 4 (6%) 3 (4%) 4 (6%)

Nasopharyngitis 3 (4%) 3 (4%) 5 (7%)
Treatment-emergent adverse events occurring in 2%-5% of total patients by preferred term?

Upper respiratory tract infection 3 (4%) 2 (3%) 0

Viral respiratory tract infection 3 (4%) 0 2 (3%)
Treatment-emergent adverse events occurring in >1 to <2% of total patients by preferred term?

Back pain 2 3%) 1(1%) 0

ALT increased 2 (3%) 1 (1%) 0

Influenza 2 3%) 0 1 (1%)

Liver enzymes increased 1 (1%) 1 (1%) 2 (3%)

Nausea 1 (1%) 1 (1%) 2 3%)

Bronchitis 1 (1%) 0 2 (3%)

Alopecia 0 3 (4%) 1 (1%)

Fatigue 0 2 (3%) 2 (3%)

Rash 0 2 (3%) 2 (3%)

Cystitis 0 1(1%) 3 (4%)
Treatment-emergent adverse events by severity

Mild 23 (33%) 29 (41%) 21 (30%)

Moderate 8 (12%) 11 (16%) 15 (23%)

Severe 1 (1%) 0 0
Serious adverse events 1 (1%) 2 (3%) 0
Treatment discontinuation for any reason 5 (7%) 2 3%) 4 (6%)
Treatment-emergent adverse events leading to treatment discontinuation 3 (4%) 0 2 3%)

ALT = alanine aminotransferase.

"Treatment-emergent adverse events were defined as any event not present prior to the first dose of placebo or vidofludimus calcium or any
event already present that worsened in either intensity or frequency following treatment.

2Patients were counted only once by preferred term.

calcium. Rises in ALT or AST greater than five times the
ULN occurred in two (3%) patients with placebo, one
(1%) patient with vidofludimus calcium 30 mg, and three
(4%) patients with vidofludimus calcium 45 mg. Of the
five patients who discontinued treatment due to treatment-
emergent adverse events, one in the placebo group and
two in the vidofludimus calcium 45 mg group met hepato-
toxicity stopping rules. One additional patient in the pla-
cebo group experienced an ALT increase of greater than
eight times the ULN and was discontinued at the investiga-
tor’s discretion before hepatotoxicity stopping rules were
applied. All occurrences were mild or moderate, did not
occur with clinically significant increases in bilirubin, and
resolved following treatment discontinuation.

Discussion

A once-daily oral dose of vidofludimus calcium 30 or
45 mg resulted in fewer combined unique active MRI lesions
over 24 weeks when compared with placebo. Suppression of

MRI lesions was evident by week 6 and continued through
week 24. Pre-specified subgroup analyses found a similar
treatment effect for both doses of vidofludimus calcium irre-
spective of the subgroups assessed, although these findings
should be interpreted with caution due to the limited sample
size. Other MRI outcomes, including the cumulative number
of T1, T2, and gadolinium-enhancing lesions up to 24 weeks
favored vidofludimus calcium and were consistent with
study’s primary findings.

Both doses of vidofludimus calcium were well-
tolerated; zero (0%) and two (3%) patients treated with
vidofludimus calcium 30 and 45 mg, respectively, discon-
tinued treatment due to a treatment-emergent adverse
event as compared to three (4%) patients in the placebo
group. The incidence of the two most common
treatment-emergent adverse events—nasopharyngitis and
headache—was low and similar between vidofludimus
calcium- and placebo-treated patients. Moreover, no
increased incidence in liver, renal, or infection-related
treatment-emergent observed

adverse events was
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compared to placebo. No changes in hematologic labora-
tory values, as measured by neutrophil, lymphocyte, and
leukocyte count, were observed with vidofludimus cal-
cium. This observation is consistent with the mechanism
of action of vidofludimus calcium and its biological selec-
tivity toward activated T and B cells with high metabolic
requirements for DHODH-mediated pyrimidine synthesis.
Trends favoring vidofludimus calcium were noted in
clinical outcomes (i.e., annualized relapse rate) and clini-
cally relevant biomarkers (i.e., neurofilament light chain),
although the study was not powered for these outcomes.
Coupled with the short study duration and relatively low
sample size, drawing definitive conclusions on non-MRI
outcomes in this context is limited. Longer studies in a
larger patient population are needed to demonstrate the
effect of vidofludimus calcium on clinical outcomes. No
notable differences between vidofludimus calcium 30 and
45 mg on MRI outcomes were evident and both doses of
vidofludimus calcium had a comparable safety profile.
The reason for the lack of measurable difference between
doses remains unclear and suggests that evaluation of a
lower dose may be helpful. A second cohort in the
EMPhASIS trial is currently ongoing and will evaluate
vidofludimus calcium 10 mg versus placebo.
Vidofludimus calcium is being developed with the goal
to demonstrate robust efficacy comparable to other first-
line disease-modifying therapies while also being safe and
well-tolerated. Indeed, the 62%-70% reduction in com-
bined unique active lesions compared to placebo observed
in the EMPhASIS trial is comparable to that seen in many
other phase 2 trials of disease-modifying therapies
approved for multiple sclerosis.'®*® Safety liabilities
associated with available therapies, including lymphopenia
(teriflunomide,>>*° dimethyl fumarate,”**> and sphingosine-
1-phosphate [S1P] inhibitors'®'*%), increased liver enzymes
(teriflunomide™®?® and S1P inhibitors'®?®), and risk of
infections (S1P inhibitors and CD20 inhibitors®®?’), are
well documented in clinical trials and typically require
ongoing monitoring during treatment.”® In the TOWER
and TEMSO trials investigating teriflunomide, ALT
increases occurred in 11-14% and diarrhea in 11-18% of
teriflunomide-treated patients, which was higher than the
placebo arm.>® This contrasts with the present study
which found that ALT increases in 1% and diarrhea in
0% of vidofludimus-treated patients, indicating a poten-
tial safety advantage. This difference may be because vid-
ofludimus calcium is a selective  DHODH inhibitor
without off-target effects on kinases and thus spares gen-
eralized effects such as immunosuppression.'”'* The
absence of other safety differences between placebo- and
vidofludimus calcium-treated patients as measured by
hepatic adverse events (4% vs. 4%, respectively), renal
adverse events (1% and 2%, respectively), infections, and

Vidofludimus Calcium in Multiple Sclerosis

white blood cell counts are consistent with a favorable
safety profile, although a further study in larger, longer
phase 3 trials is needed.

In conclusion, vidofludimus calcium suppressed the
development of new MRI lesions and demonstrated a
favorable safety and tolerability profile. Based on these
positive findings, confirmatory phase 3 trials are under-
way.
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