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Abstract
Background and Objectives
Vidofludimus calcium suppressed MRI disease activity compared with placebo in patients with
relapsing-remitting multiple sclerosis (RRMS) in the first cohort of the phase 2 EMPhASIS
study. Because 30 mg and 45 mg showed comparable activity on multiple end points, the study
enrolled an additional low-dose cohort to further investigate a dose-response relationship.

Methods
In a randomized, placebo-controlled, phase 2 trial, patients with RRMS, aged 18–55 years, and
with ≥2 relapses in the last 2 years or ≥1 relapse in the last year, and ≥1 gadolinium-enhancing
brain lesion in the last 6 months. Patients were randomly assigned (1:1:1) vidofludimus calcium
(30 or 45 mg) or placebo in cohort 1 and vidofludimus calcium (10 mg) or placebo (4:1) in
cohort 2 for 24 weeks. The primary end point was the cumulative number of combined unique
active (CUA) lesions at week 24. Secondary end points were clinical outcomes and safety.

Results
Across cohorts 1 and 2, 268 patients were randomized to placebo (n = 81), 10 mg (n = 47)
vidofludimus calcium, 30 mg (n = 71) vidofludimus calcium, or 45 mg (n = 69) vidofludimus
calcium. The mean cumulative CUA lesions over 24 weeks was 5.8 (95% CI 4.1–8.2) for
placebo, 5.9 (95% CI 3.9–9.0) for 10 mg treatment group, 1.4 (95% CI 0.9–2.1) for 30 mg
treatment group, and 1.7 (95% CI 1.1–2.5) for 45 mg treatment group. Serum neurofilament
light chain decreased in a dose-dependent manner. The number of patients with confirmed
disability worsening after 24 weeks was 3 (3.7%) patients receiving placebo and 3 (1.6%)
patients receiving any dose of vidofludimus calcium. Treatment-emergent adverse events oc-
curred in 35 (43%) placebo patients compared with 11 (23%) and 71 (37%) patients in the
10 mg or any dose of vidofludimus calcium groups, respectively. The incidence of liver enzyme
elevations and infections were similar between placebo and any dose of vidofludimus calcium.
No new safety signals were observed.

Discussion
Compared with placebo, vidofludimus calcium suppressed the development of new brain
lesions with daily doses of 30 mg and 45 mg, but not 10 mg, establishing the lowest efficacious
dose is 30 mg.
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Classification of Evidence
This study provides Class II evidence that among adults with active RRMS and ≥1 Gd+ brain lesion in the past 6 months, the
cumulative number of active lesions decreased with vidofludimus calcium.

Trial Registration Information
ClinicalTrials.gov (NCT03846219) and EudraCT (2018-001896-19).

Introduction
Dihydro-orotate dehydrogenase (DHODH) is a mitochon-
drial enzyme involved in the rate-limiting step of de novo
pyrimidine synthesis. Blockage of DHODH activity with
teriflunomide is efficacious in patients with relapsing multiple
sclerosis and is believed to work by preventing the activation
and proliferation of pathologic T and B cells and their mi-
gration into the CNS.1,2

Vidofludimus calcium is a next-generation, orally available
DHODH inhibitor that significantly reduced the de-
velopment of MRI brain lesions in patients with relapsing-
remitting multiple sclerosis (RRMS) in a randomized,
placebo-controlled phase 2 study with efficacy comparable
with that of other disease-modifying therapies.3-9 In the first
cohort, doses of 30 mg and 45 mg suppressed the cumulative
number of combined unique active (CUA) lesions by 70%
and 62% after 24 weeks of treatment, respectively, compared
with placebo. In addition, both doses of vidofludimus calcium
were effective in reducing gadolinium-enhancing, T1, and T2
lesions. Vidofludimus calcium was also shown to be safe and
well-tolerated in the trial, with low discontinuation rates and
an incidence of diarrhea, neutropenia, and liver enzyme ele-
vations comparable with placebo control. The mentioned
adverse events have been linked for teriflunomide to be re-
lated to off-target effects on kinases,10 which are not found for
vidofludimus calcium. Preclinical studies have also shown
vidofludimus calcium has potent activity against Epstein-Barr
virus reactivation, a known risk factor of the onset of multiple
sclerosis and involved in ongoing autoimmunity,11-14 and is an
agonist for Nurr1, a constitutively active ligand-activated
transcription factor that has neuroprotective and anti-
neuroinflammatory activity.15-17

No statistically significant differences or otherwise clear signals
suggested a difference between the 30mg or 45mg dose on the
suppression of MRI brain lesions, which warranted the in-
vestigation of lower doses of vidofludimus calcium to
strengthen the understanding of the dose-response relationship

in patients with RRMS. Therefore, a second cohort receiving
10 mg of vidofludimus calcium was enrolled to assess the ac-
tivity of a lower dose of vidofludimus calcium. In this study, we
report the extended results from the pooled data of cohorts 1
and 2 in the phase 2, multicenter, double-blind, randomized
controlled trial (EMPhASIS). The primary question being
addressed by this study was whether the cumulative number of
active lesions decreased with vidofludimus among adults with
active RRMS and ≥1 Gd+ brain lesion in the prior 6 months.

Methods
Study Design and Participants
This is a randomized, 24-week, double-blind, placebo-
controlled clinical trial designed to assess the efficacy and
safety of 10, 30, or 45 mg of vidofludimus calcium compared
with placebo in patients with RRMS who have evidence of
disease activity. The study consists of 2 cohorts. Cohort 1
randomized patients to placebo or vidofludimus calcium
(30 mg or 45 mg) in a 1:1:1 ratio using a centralized in-
teractive web response system by a group of independent
biostatisticians; the results from cohort 1 have been pre-
viously reported.3 Based on the results from cohort 1, the
study protocol was amended to allow enrollment of a sec-
ond cohort (cohort 2) to investigate a lower dose of
vidofludimus calcium, which randomized patients to pla-
cebo or 10 mg of vidofludimus calcium (1:4 ratio). Patients
in cohort 2 were enrolled to placebo or vidofludimus cal-
cium to allow blinding and assessment of comparability of
the 2 cohorts through their placebo groups. Before any
clinical activities were performed in cohort 2, patients were
informed of the trial and the safety profile of vidofludimus
calcium and signed an informed consent form specific to
cohort 2. Patients were enrolled from Bulgaria, Poland,
Romania, and Ukraine in cohort 1 and from Bulgaria,
Poland, and Ukraine in cohort 2.

Male and female patients between the ages of 18 and 55 years
who had a diagnosis of RRMS according to the 2017 revised

Glossary
CDW = confirmed disability worsening; COVID-19 = coronavirus disease 2019; CUA = combined unique active; DHODH =
dihydro-orotate dehydrogenase; EDSS = Expanded Disability Status Scale; MS = multiple sclerosis; RRMS = relapsing-
remitting multiple sclerosis; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.
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McDonald criteria were included.18 The study required pa-
tients to have (1) at least 2 relapses in the last 24 months or at
least 1 relapse in the last 12 months before randomization,
and (2) 1 or more documented gadolinium-enhancing mul-
tiple sclerosis (MS)–related brain lesions in the last 6 months
before enrollment. The study excluded patients with an MS
type other than RRMS and a relapse within 30 days of or
during the screening period. Patients were excluded if they
had prior use of any DHODH inhibitor. Full description of
the inclusion and exclusion criteria is provided in the Sup-
plementary Materials.

Assessments
The study design has been previously described.3 In short,
patients received daily oral doses of vidofludimus calcium or
matching placebo for 24 weeks with an option to continue in
an open-label extended treatment period if they met re-
spective eligibility criteria. The extended treatment period for
both cohorts is currently ongoing. Randomization was strat-
ified by the number of gadolinium-enhancing lesions (either
0 or ≥1).

Standardized brain MRI scans were collected at baseline and
every 6 weeks in addition to clinical assessments (e.g., Ex-
panded Disability Status Scale [EDSS], Treatment Satisfac-
tion Questionnaire for Medication19 according to the
schedule of assessments; see eTable 1). Corticosteroid
treatment was offered at the choice of the investigator if a
relapse occurred or was suspected. Blood samples were also
collected for pharmacokinetic and pharmacodynamic (bio-
marker) analysis. The study design and assessments were
identical between cohort 1 and cohort 2 with the following
exception: MRI machines with a field strength of ≥1.5T were
allowed in cohort 1, whereas those with only 1.5T were
allowed in cohort 2.

Outcomes
The primary outcome was the difference in adjusted mean of
cumulative CUA lesions over 24 weeks between placebo and
each dose of vidofludimus calcium (10 mg, 30 mg, and 45 mg).
Secondary MRI outcomes were gadolinium-enhancing lesions,
new/enlarging T2 lesions, and new/enlarging T1 lesions. Sec-
ondary clinical end points included time-to-first-relapse, EDSS
progression, and confirmed disability worsening (CDW). The
definitions for these end points are listed in the Supplementary
Materials. Investigatorsmonitored for adverse events throughout
the duration of the study which were coded using the Medical
Dictionary for Regulatory Activities version 22.0. Analyses of
safety and clinical end points were conducted using the intent-to-
treat population, defined as patients who received at least 1 dose
of placebo or vidofludimus calcium. MRI outcomes were based
on patients who received at least 1 dose of placebo or vido-
fludimus calcium, who were investigated using 1.5T MRI, and
were from the same sites as those enrolled in cohort 2. Data for
patients who received placebo in cohort 1 and cohort 2 were
combined into a single placebo group to enrich the analysis.

Statistical Analysis
Brain lesions were calculated using a generalized linear model
with a negative binomial distribution and a logarithmic link
function adjusted for the number of baseline gadolinium-
enhancing lesions. For the cumulative number of CUA and
gadolinium-enhancing lesions, the baseline volume of T2 le-
sions was also included as independent effect in the negative
binomial regression model. Time-to-first relapse was calcu-
lated using Cox regression. CDW was defined as an EDSS
worsening (an increase in the EDSS compared with baseline
of at least 1.5 points if baseline EDSS = 0, 1.0 point if baseline
EDSS was between 1 and 5, or 0.5 point if baseline EDSS
≥5.5) confirmed 12 or 24 weeks later. The initial progression
had to occur within the blinded treatment period, although
confirmation could have been during the open-label extension
period. Formal hypothesis testing was conducted for cohort 1
but not in this analysis to prevent the risk of bias due to
multiplicity.3 Sample size and power analysis for cohort 1 was
previously described.3 No formal sample size calculation was
conducted for cohort 2, although based on previous phase 2
MS trials, 60 patients were considered sufficient to estimate
dose-response. The study protocol and statistical analysis plan
are available in eSAP 1 and eSAP 2, respectively.

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was conducted in a manner consistent with all
relevant regulatory authorities and ethics committees in-
cluding International Council for Harmonization, Guideline
for Good Clinical Practice, and the Declaration of Helsinki
(version of 1996). Local ethics committees approved and
provided oversight of the study. In addition, a steering com-
mittee provided advice on the conduct of the trial and peri-
odically reviewed blinded safety data. All study participants
provided written informed consent before any study-related
procedure. The study is registered with ClinicalTrials.gov
(NCT03846219) and EudraCT (2018-001896-19).

Data Availability
Data will be shared with qualified researchers who submit a
research proposal following approval by an independent review
board and a signed data sharing agreement. Requests for data
can be made 6 months after the indication studied has been
approved in the United States and Europe with no expiration
date on requests. Deidentified data, including the study pro-
tocol, statistical analysis plan, clinical study report, and case
report forms, will be provided in a secure sharing environment.

Results
Between January 2019 and April 2020 for cohort 1 and No-
vember 2020 and June 2021 for cohort 2, 269 patients were
randomized to receive placebo (n = 69 in cohort 1 and n = 12 in
cohort 2), 10 mg (n = 47), 30 mg (n = 71), or 45 mg (n = 69)
vidofludimus calcium, of which 1 was not treated (Figure 1).
Fourteen patients (6 [7%] given placebo and 8 [4%] given any
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dose of vidofludimus calcium) discontinued the study pre-
maturely before the 24-week blinded treatment period, of
which 7 (3%) were treatment-related adverse events (4 [5%] in
the placebo group and 3 [4%] in the 45 mg group). The safety
population consisted of 268 patients who received at least 1
dose of placebo or vidofludimus calcium. The efficacy analysis
consisted of 249 patients. The patient flow diagram is shown in
Figure 1. Baseline patient demographics, clinical, and MRI
characteristics were comparable between groups (Table 1). In
patients treated with any dose of vidofludimus calcium, 99
(56%) patients were treatment-näıve, and the remainder had
prior exposure to other disease-modifying therapies (77 [31%],
38 [15%], and 2 [1%], respectively) (eTable 2). Inclusion
criteria required a gadolinium-enhancing lesion any time in the
past 6 months, which all patients met. Table 1 reports the
proportion with 1 or more gadolinium-enhancing lesion at
baseline; this was not a requirement for inclusion in the trial.

MRI Outcomes
The adjusted mean cumulative number of combined unique
active lesions up to 24 weeks was 5.8 (95% CI 4.1–8.2) in the
placebo group, 5.9 (95%CI 3.9–9.0) in the 10mg vidofludimus
calcium group, 1.4 (95%CI 0.9–2.1) in the 30mg vidofludimus
calcium group, and 1.7 (95% CI 1.1–2.5) in the 45 mg vido-
fludimus calcium group (Figure 2A). This represents a 2%

increase (10 mg group), 76% reduction (30 mg group), and
71% reduction (45 mg group) in the mean cumulative number
of combined unique active lesions up to 24 weeks compared
with placebo. The adjusted mean number of cumulative
gadolinium-enhancing lesions, T1 lesions, and T2 lesions up to
24 weeks was also lower in the 30 mg and 45 vidofludimus
calcium groups compared with that in the placebo group, but
not in the 10 mg vidofludimus calcium group (Table 2 and
Figure 2B). The proportion of patients without new lesions was
lower in the 30 mg and 45 mg dose groups compared with that
in the placebo group (Table 2).

Clinical Outcomes
Patients receiving any dose of vidofludimus calcium had lower
adjusted mean annualized relapse rate than patients receiving
placebo (Table 2). Cox regression for time to relapse showed
a 33% reduction in the risk of relapse in patients who received
30 mg of vidofludimus calcium compared with that in those
who received placebo (HR: 0.67, 95% CI 0.29–1.54) (eFig-
ure 1 and eTable 3). Change in the mean EDSS score after 24
weeks was similar between placebo and any dose of vido-
fludimus calcium (Table 2). The number of patients who had
confirmed disability worsening after 24 weeks was 3 (3.7%)
patients receiving placebo and 3 (1.6%) patients receiving any
dose of vidofludimus calcium.

Figure 1 Patient Disposition

Patient disposition for the 30 mg and 45 mg groups individually are previously reported.3
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Neurofilament Light Chain
At baseline, median neurofilament light chain concentra-
tions in the serum (pg/mL) was 74.1 (range: 26.4–1,340)
in the placebo group, 52.2 (range: 16.1–273) in the 10 mg
vidofludimus calcium group, 64.1 (range 22.2–1,110) in
the 30 mg vidofludimus calcium group, and 68.3 (range
15–341) in the 45 mg vidofludimus calcium group. After 24
weeks, the median percent change from baseline was 7.0
(95% CI −11.0 to 25.0) in the placebo group, 7.5 (95% CI
−17.0 to 24.0), −17.0 (95% CI −24.0 to −7.0), and −20.5
(95% CI −29.0 to −13.0) in patients who received 10 mg,
30 mg, and 45 mg of vidofludimus calcium, respectively.
Relative to placebo, neurofilament light chain in the serum after
24 weeks decreased from baseline in a dose-dependent manner
(Figure 3).

Pharmacokinetics
Mean trough plasma concentrations of vidofludimus calcium
(μg/mL) at week 24 were 1.94 (SD 0.98), 4.06 (SD 1.8), and
6.07 (SD 3.14) in patients who received 10 mg, 30 mg, and
45 mg doses, respectively (eFigure 2).

Safety and Tolerability
Thirty-five (43%) patients in the placebo group experienced
any treatment-emergent adverse event during the study,
compared with 11 (23%) patients who received 10 mg of
vidofludimus calcium and 71 (37%) who received any dose
of vidofludimus calcium. All treatment-emergent adverse
events were mild except for 9 (11%) patients in the pla-
cebo group compared with 3 (6%) who received 10 mg of
vidofludimus calcium and 30 (16%) patients who received

Table 1 Demographic, Clinical, and MRI Characteristics at Baseline

Placebo, cohort
2 (n = 12)

Placebo, cohort
1 + 2 (n = 71)

Vidofludimus calcium,
10 mg (n = 47)

Vidofludimus calcium,
any dose (n = 178)a

Age (y) 37.4 (8.8) 36.7 (8.7) 38.1 (98) 37.0 (9.0)

Female, n (%) 8 (67) 49 (69) 34 (72) 117 (66)

Race, n (%)

White 12 (100) 71 (100) 47 (100) 178 (100)

Clinical characteristics

Duration of disease (y)b 4.96 (1.01, 13.8) 3.61 (1.26, 10.2) 4.66 (0.77, 8.38) 3.61 (1.36, 9.11)

EDSS score 3.50 (1.50, 3.50) 3.00 (2.00, 3.50) 3.00 (2.00, 3.50) 2.50 (2.00, 3.50)

Number of relapses in the last 24 mo, n (%)

1c 4 (33) 35 (49) 19 (40) 82 (46)

2 5 (42) 27 (38) 19 (40) 75 (42)

≥3 3 (25) 9 (13) 9 (19) 21 (12)

MRI characteristics

Gadolinium-positive lesions, n (%)

0 7 (58) 36 (51) 28 (60) 95 (53)

≥1 5 (42) 35 (49) 19 (40) 83 (47)

No. of gadolinium-positive lesions 1.08 (2.07) 1.24 (2.23) 0.91 (1.73) 1.03 (1.73)

Volume of T2 lesions per patient (cm3)d 18.1 (16.8) 12.7 (12.0) 10.1 (12.3) 11.9 (12.9)

Treatment-näıve 7 (58) 50 (70) 20 (43) 99 (56)

Previous exposure to disease-modifying drugsc, n (%)

Interferon or glatiramer acetate 4 (33) 14 (20) 23 (49) 51 (29)

Oral drugs 1 (20) 7 (10) 4 (9) 27 (15)

Monoclonal antibodies 0 0 0 2 (<3)

Abbreviation: EDSS = Expanded Disability Status Scale.
Data are n (%), mean (SD), or median (interquartile range) and consist of the modified full analysis set.
a Consists of patients receiving 10 mg, 30 mg, or 45 mg vidofludimus calcium. Patient characteristics for the 30 mg and 45 mg groups individually are
previously reported.3
b Duration since time at which the diagnosis of multiple sclerosis was first documented.
c Last treatment line.
d Consists of the patients included in the efficacy analysis.
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any dose of vidofludimus calcium with events that were mod-
erate. Themost common treatment-emergent adverse event by
preferred term was headache, which occurred with similar in-
cidence in the placebo group (5 [6%]) and in patients
who received any dose of vidofludimus calcium (7 [4%])
(Table 3). Treatment-emergent adverse events that did not
occur in the placebo group but occurred in patients treated with

any dose of vidofludimus calcium were bronchitis (3 [2%]),
rash (4 [2%]), fatigue (4 [2%]), alopecia (4 [2%]), and cystitis
(4 [2%]). Of patients from cohort 2 who enrolled during the
coronavirus disease 2019 (COVID-19) pandemic, 3 (25%)
patients in the placebo group and 4 (9%) patients in the 10 mg
vidofludimus calcium group had a severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection.

Figure 2 Cumulative CUA Lesions (A) and Gadolinium-Enhancing Lesions (B) at Week 24 in Patients Treated With
Vidofludimus Calcium or Placebo

CUA = combined unique active. Data presented as mean (95% CI).

Table 2 MRI and Clinical Outcomes

Placebo
(n = 71)

Vidofludimus
calcium
10 mg (n = 47)

Vidofludimus
calcium
30 mg (n = 65)

Vidofludimus
calcium 45 mg
(n = 66)

MRI outcomes

Cumulative CUA lesions up to week 24 (95% CI) 5.8 (4.1–8.2) 5.9 (3.9–9.0) 1.4 (0.9–2.1) 1.7 (1.1–2.5)

Cumulative Gd+ lesions up to week 24 (95% CI) 4.6 (3.2–6.5) 4.0 (2.6–6.3) 1.0 (0.7–1.6) 1.2 (0.7–1.8)

Cumulative T1 lesions up to week 24 (95% CI) 2.8 (2.0–4.1) 2.1 (1.3–3.4) 0.7 (0.4–1.1) 0.8 (0.5–1.3)

Cumulative T2 lesions up to week 24 (95% CI) 5.3 (3.8–7.5) 5.2 (3.4–8.0) 1.4 (0.9–2.0) 1.6 (1.0–2.3)

Proportion of patients without new lesions up to
week 24, % (95% CI)

Gd+ lesions 38 (27–50) 40 (26–56) 60 (47–72) 50 (37–63)

T2 lesions 31 (21–43) 35 (21–50) 52 (40–65) 42 (30–55)

Clinical outcomes

Annualized relapse rate (95% CI) 0.52 (0.33–0.81) 0.28 (0.12–0.62) 0.38 (0.22–0.66) 0.47 (0.28–0.78)

Mean change in EDSS score between BL and week 24 0.07 (0.36) 0.06 (0.51) 0.01 (0.25) 0.00 (0.39)

Proportion of patients with 24wCDW event between BL and week 24a, n (%) 3 (4) 1 (2) 1 (1) 1 (1)

Abbreviations: 24wCDW= confirmeddiseaseworseningwasmet if therewas anEDSSworseningwas confirmed12or 24wk later; BL = baseline; CUA = combined
unique active; EDSS = Expanded Disability Status Scale; Gd+ = gadolinium-enhancing.
Data presented as mean (SD or 95% CI).
Cumulative lesions are presented as adjusted mean.
a Consists of patients receiving at least 1 dose of placebo or vidofludimus calcium.
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Adverse events defined by the investigator as treatment re-
lated occurred in 7 (9%) and 21 (11%) patients receiving
placebo or any dose of vidofludimus calcium, respectively.
Adverse events leading to discontinuation occurred in 4
(5%) and 3 (2%) patients receiving placebo or any dose of
vidofludimus calcium, respectively. In the placebo group,
these consisted of liver enzyme elevations (2 [3%]), squa-
mous cell carcinoma of the cervix (1 [1%]), and hematuria
(1 [1%]). In vidofludimus calcium–treated patients, these
consisted of liver enzyme elevations (2 [2%]) and rash
(1 [1%]), all which occurred in the 45 mg dose group. Three
serious adverse events occurred during the trial (squamous
cell carcinoma of the cervix in the placebo group and open
fracture and ureterolithiasis/tubulointerstitial nephritis in
the vidofludimus calcium 30 mg group), all of which were
considered unrelated to study treatment. No deaths oc-
curred during the study.

Few liver enzyme elevations, defined as ALT or AST >5
times the upper limit of normal, occurred during the study
and were similar in patients treated with 10 mg (1 patient
[1%]) or any dose of vidofludimus calcium (4 patients [2%])
when compared with those who received placebo (2 patients
[3%]). There were no remarkable changes in hematologic
laboratory parameters during the study including the in-
cidence of neutropenia (1 [<1%] vs 1 [1%]) and lympho-
penia (0 vs 0) between patients treated with any dose of
vidofludimus calcium and placebo, respectively. The in-
cidence of infections (37 [20%] vs 20 [25%]) and renal
events (5 [3%] vs 2 [2%]) was also similar between patients
treated with any dose of vidofludimus calcium and placebo,
respectively.

Discussion
Phase 2 dose-range finding studies of disease-modifying
therapy for multiple sclerosis have been challenging due to
expense, and thus, typically use only 2 doses.4,6 In this study,
we used a sequential phase 2 trial approach wherein the
initial phase 2 trial findings informed selection of an addi-
tional dose to study within the same phase 2 trial; specifi-
cally, after results from the first 2 dose cohorts (30 and 45

Figure 3 Difference in Percentage Change of Neurofila-
ment Light Chain in the Serum From Baseline to
Week 24 Relative to Placebo

Data presented as median (95% CI). Neurofilament light chain was mea-
sured using electrochemiluminescent immunoassay.

Table 3 Summary of Treatment-Emergent Adverse
Events

Placebo
(n = 81)

Vidofludimus
calcium,
10 mg (n = 47)

Vidofludimus
calcium, any
dose (n = 187)a

Any event, n (%)

Treatment-emergent
adverse eventb

35 (43) 11 (23) 71 (37)

Serious adverse event 1 (1) 0 2 (1)

Treatment-emergent
adverse event leading
to treatment
discontinuation

4 (5) 0 3 (2)

Treatment-emergent
adverse events occurring
in >2% of patients in any
group by preferred termc,
n (%)

Headache 5 (6) 0 7 (4)

Nasopharyngitis 3 (4) 0 8 (4)

Coronavirus infection 3 (4) 4 (9) 4 (2)

Upper respiratory
infection

3 (4) 1 (2) 3 (2)

Respiratory tract viral
infection

3 (4) 0 2 (1)

Respiratory tract
infection

2 (2) 1 (2) 1 (<1)

Back pain 2 (2) 0 1 (<1)

Influenza 2 (2) 0 1 (<1)

Alanine
aminotransferase
increased

2 (2) 0 1 (<1)

Bronchitis 0 1 (2) 3 (2)

Rash 0 0 4 (2)

Fatigue 0 0 4 (2)

Alopecia 0 0 4 (2)

Cystitis 0 0 4 (2)

a Consists of patients receiving 10 mg, 30 mg, or 45 mg of vidofludimus
calcium. Primary safety analysis for the 30mg and 45mg groups individually
are previously reported.3
b Treatment-emergent adverse events were defined as any event not pre-
sent before the first dose of placebo or vidofludimus calcium or any event
already present that worsened in either intensity or frequency following
treatment.
c Patients were counted only once by preferred term.
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mg) in this phase 2 randomized placebo-controlled trial–
guided selection of a third, 10 mg dose group. Overall, we
found that doses of 30 mg and 45 mg, but not 10 mg, sup-
pressed new MRI brain lesions after 24 weeks when com-
pared with placebo, demonstrating a dose-dependent effect
and suggesting the dose of 30 mg vidofludimus calcium once
daily as the most appropriate for phase 3 studies in patients
with RRMS.20,21

The cumulative number of CUA lesions up to week 24 was
76% and 71% lower in 30 and 45 mg vidofludimus calcium
groups when compared with that in placebo, respectively.
This finding is consistent with the primary results and after
the addition of more patients in the placebo group from
cohort 2. The observed activity of vidofludimus calcium
on brain lesions compares similarly with other disease-
modifying therapies.4,7-9 The results for cumulative num-
ber of CUA lesions, T1 lesions, or T2 lesions were similar in
the 10 mg group and placebo group, although there was a
slight decrease observed for gadolinium lesions (13% re-
duction) and for neurofilament light chain in the serum
(9% reduction) with 10 mg. The dose-dependent trend in
the reduction of serum neurofilament light chain across 10,
30, and 45 mg dose groups suggests that neurofilament
light chain may be a sensitive measure of anti-inflammatory
effects complementary to the assessment of new MRI
lesions.

As expected, mean trough concentrations of vidofludimus
calcium increased proportionally with higher doses. In the
previous report, we demonstrated that the suppression of
MRI lesions after a 30 mg and 45 mg dose of vidofludimus
calcium was evident already at week 6, which corresponds
to the earliest posttreatment MRI assessment in this study.3

Although the event rate was low, the rate of CDW after 24
weeks was approximately double in the placebo group
compared with patients who received any dose of vido-
fludimus calcium. This may be an early signal that treat-
ment with vidofludimus calcium may avoid or delay
disability progression, which is being evaluated in the open-
label extension phase of this study and ongoing phase 3
studies.

The safety profile of vidofludimus calcium was comparable
with that of placebo, with an overall incidence of TEAEs of
37% and 43%, respectively. Treatment with any dose of
vidofludimus calcium was associated with a very low discon-
tinuation rate (2%) and incidence of serious adverse events
(1%), supporting a favorable safety and tolerability profile.
Safety for the 30 mg and 45 mg dose cohorts was previously
reported individually and showed no clear dose-related effect
on adverse events.3 With the addition of patients on active
treatment, we continued to observe low rates of adverse
events and serious adverse events, similar to placebo. More
patients in this analysis vs the initial patient cohorts continued
to show a low rate of hepatic adverse events in patients treated

with vidofludimus calcium (<1%), which was not different
than placebo.

The rate of adverse events in this trial can be compared with
teriflunomide, a DHODH inhibitor currently approved for
relapsing forms of MS. Across all doses of vidofludimus cal-
cium, the rates of diarrhea (0%) and alopecia (2%) compare
favorably with those observed in the phase 3 TOWER and
TEMSO trials of terifludomide, where diarrhea was reported
in 11%–18% and alopecia in 10%–13% of participants who
received teriflunomide.1,2 Similarly, hepatic adverse events
were reported in <1% of vidofludimus calcium–treated par-
ticipants but in 11%–14% of terifludomide-treated partici-
pants. No neutropenia or lymphopenia was observed with
vidofludimus calcium, too. It is difficult to compare across
different trials, where patient characteristics may differ, so
ongoing trials of vidofludimus calcium will further clarify its
safety profile. The observed difference may be explained by
vidofludimus calcium lacking off-target inhibition of other
kinases, thereby limiting generalized antiproliferative and/or
immunosuppressive effects.1,2,10,19

Of the 59 patients enrolled during the SARS-CoV-2 pan-
demic, 3 patients (25%) in the placebo group and 4 patients
(9%) in the 10 mg dose group tested positive for SARS-CoV-
2. In addition, there was also no increase in the overall in-
cidence of any infection between placebo and vidofludimus
calcium–treated patients, suggesting vidofludimus calcium
does not impair humoral or cellular immunity and increase
the risk of infection. The CALVID-1 trial of vidofludimus
calcium in COVID-19 showed that in hospitalized patients
with COVID-19, the rate and timing of developing SARS-
CoV-2 antibodies was not different between patients treated
with placebo or 45 mg vidofludimus calcium.22 These find-
ings imply that vidofludimus calcium can be safely admin-
istered in the context of the ongoing COVID-19 pandemic
and may also allow for effective humoral vaccination
responses.

The relatively short study duration (i.e., 24 weeks) limits the
interpretation of clinical end points such as annualized re-
lapse rate, confirmed disability worsening events, and change
in EDSS; therefore, these end points should be interpreted
with caution and should be considered exploratory. Two
phase 3 studies evaluating vidofludimus calcium in patients
with RRMS are ongoing.20,21 Hypothesis testing was not con-
ducted in this analysis because it was not preplanned and risks
introducing bias due to multiplicity after the primary analysis.
The results from this analysis are consistent with the primary
analysis.3

In conclusion, a dose-dependent effect of vidofludimus cal-
cium on the suppression of new MRI lesions was demon-
strated with an acceptable safety profile. This analysis
confirms the justification for the 30 mg dose carried forward
in ongoing clinical trials in RRMS.
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