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Introduction
Multiple sclerosis (MS) is a frequently disabling neuro-
logical condition with an estimated worldwide preva-
lence of 2.1 million people, with about half of these in 
the United States.1,2 Most individuals (~75%) with MS 
develop gait and mobility impairments,3 and half become 
dependent on walking aids within 15 years of diagno-
sis.4,5 Although many drugs are approved to reduce 
relapse rate and/or slow worsening disability in MS,6,7 

only extended-release dalfampridine (Ampyra®) in the 
United States, also known as prolonged-release fampri-
dine (Fampyra®) in other countries, is approved to 
improve walking in MS, based on demonstrated 
increases in walking speed during clinical trials.8–12 In 
addition to treating motor symptoms in Parkinson’s dis-
ease, amantadine has been used off-label to treat fatigue 
in MS and promote wakefulness in other neurologic dis-
orders.13,14 Although best known as a low affinity (Ki 10 
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µM), uncompetitive N-methyl-D-aspartate (NMDA) 
receptor inhibitor, at therapeutically relevant doses, 
amantadine also blocks Kir2 potassium channels.15–17 
NMDA receptor inhibition may help normalize aberrant 
synaptic plasticity in MS, and potassium channel inhibi-
tion may help improve nerve conduction across demy-
elinated regions.

ADS-5102 is a delayed release/extended release (DR/
ER) capsule formulation of amantadine designed to 
be taken once daily at bedtime. Following an initial 
lag, plasma concentrations rise steadily overnight, 
providing high daytime concentrations that fall 
toward evening to minimize impact on sleep.18 ADS-
5102 received FDA approval as Gocovri® (Adamas 
Pharmaceuticals, LLC., Emeryville, CA) in 2017 to 
treat levodopa-induced dyskinesia in Parkinson’s dis-
ease, and an additional approval in 2021 as a levo-
dopa-adjunct to treat OFF episodes.19

In a Phase 2, randomized, double-blind, 4-week trial 
in patients with MS (n = 60),20 274 mg ADS-5102 
improved mean Timed 25-Foot Walk (T25FW)21,22 
time by a placebo-adjusted 16.6% and Timed Up and 
Go (TUG)23 time by 10%. The drug was generally 
well tolerated, with dry mouth, constipation, and 
insomnia as the most common adverse events (AEs).20 
Here, we report results of a subsequent Phase 3 trial, 
that also included a lower, 137 mg dose, based on the 
recommendation of regulatory authorities.

Materials and methods

Study design and participants
The Investigational Research Study of ADS-5102 in 
MS Walking Impairment (INROADS) was a 3-arm, 
multicenter, randomized, double-blind, 16-week trial 
(ClinicalTrials.gov NCT03436199) consisting of a 

screening period; a 4-week single-blind placebo run-in 
period; and a 12-week double-blind treatment period 
(Figure 1). The trial was conducted in accordance with 
the International Conference on Harmonisation 
Guidelines for Good Clinical Practice and the principles 
of the Declaration of Helsinki. Central and local ethics 
committees approved the trial, and all participants gave 
written informed consent.

Participants completing the placebo run-in and contin-
uing to meet eligibility criteria were randomized 1:1:1 
to placebo or ADS-5102 137 or 274 mg/day, adminis-
tered as two capsules at bedtime. Participants rand-
omized to the 274 mg/day ADS-5102 dose received 
137 mg/day during post-randomization Week 1, 
205.5 mg/day during Week 2, and 274 mg/day during 
post-randomization Weeks 3–12 (Study Weeks 7–16). 
Participants completing the trial were eligible to enter 
an optional, single-arm (274 mg ADS-5102) open-label 
extension trial. Eligible participants were aged 18–70 
years, with a diagnosis of MS (McDonald 2017 crite-
ria24) and expanded disability status scale (EDSS)25 
score ⩽ 6.5, were able to complete the T25FW within 
8–45 seconds in each of the two trials performed 5 min-
utes apart at the screening visit, and reported a stable 
physical activity level and stable MS medications (dis-
ease modifying and symptomatic) for 30 days before 
screening and throughout the study. Subjects using an 
assistive device during the walking assessments were 
to use the same assistive device for all subsequent 
walking tests. Exclusion criteria included participants 
currently taking amantadine, dalfampridine (including 
related preparations), or systemic corticosteroids, or 
onset of a clinically significant MS relapse within 
30 days before screening. Additional exclusions 
included: history of seizures, orthostatic hypotension, 
suicidal ideation, hallucinations, or other disorders 
associated with psychosis and estimated glomerular fil-
tration rate (eGFR) < 60 mL/min/1.73 m2 (see 
ClinicalTrials.gov for full list).

Study Visits (weeks): 2  4    6  8    12    16
Post-Randomization (weeks):  0    2  4    8    12 

137
mg/day

205.5
mg/day

137 mg/day Retitrate to
274 mg/dayPlacebo

Placebo

137 mg/day ADS-5102

274 mg/day ADS-5102

Screening
(up to 3 weeks)

Run-in
(4 weeks)

Double-blind period
(12 weeks)

Randomization Primary Endpoint

Open-label extension
(Up to 52 weeks)

Placebo

Figure 1. Study design. Doses of 137, 205.5, and 274 mg ADS-5102 (dosed by weight of amantadine base) correspond 
with 170, 255, and 340 mg amantadine HCl, respectively. Baseline was the average of study visits 2 and 4.
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Assessments
Efficacy assessments included T25FW, TUG, the 
2-Minute Walk Test (2MWT),26 and the 12-item 
Multiple Sclerosis Walking Scale (MSWS-12).27 
Safety assessments included AEs, physical examina-
tions, vital signs, electrocardiograms, laboratory 
measures, and the Columbia-Suicide Severity Rating 
Scale.28 Efficacy assessments were performed at 
Weeks 0, 2, and 4 (the randomization visit) of the pla-
cebo run-in, and post-randomization Weeks 4, 8, and 
12 of double-blind treatment (Study Weeks 8, 12, and 
16; Figure 1). Baseline was defined as the average of 
Weeks 2 and 4 (just before randomization) of the pla-
cebo run-in period. Safety assessments were per-
formed at screening and during each efficacy 
assessment visit.

Statistical methods
Assuming a placebo response rate ⩽ 20% and active 
treatment response rate ⩾ 33%, 180 randomized par-
ticipants per treatment group would be needed to 
detect a 13% difference in T25FW responder rate 
favoring either active treatment dose versus placebo 
(Farrington–Manning approach for the Miettinen–
Nurminen test) to have 80% power at the two-sided 
5% significance level. Assuming 5% dropout during 
placebo run-in, enrollment of 570 participants was 
needed to randomize 540 participants.

The efficacy analysis for the primary and key secondary 
endpoints used the intent-to-treat (ITT) population, 
defined as all randomized participants who received a 
dose of double-blind treatment. The primary efficacy 
analysis was the treatment difference (ADS-5102 minus 
placebo) in the proportion of responders at 12 weeks post 
randomization (Study Week 16), for the 274 mg ADS-
5102 group. Response was defined as a ⩾ 20% increase 
in walking speed (average ft/s during two repetitions of 
the T25FW) from baseline. Walking speed ft/s was used 
for T25FW since walking speed is more normally dis-
tributed as compared to walking time, and is therefore a 
preferred approach.29,30 A 20% change in T25FW is con-
sidered a meaningful change in patients with 
MS.21,22,29,31,32 Participants missing the final double-
blind assessments (Study Week 16) were categorized as 
nonresponders. Superiority was to be concluded if the 
two-sided p value, obtained using the Farrington–
Manning test, was less than 0.05 and the lower limit of 
the two-sided 95% CI for the treatment difference (ADS-
5102 274 mg minus placebo; obtained using the 
Miettinen–Nurminen approach) was greater than 0. 
Provided the primary analysis demonstrated superiority, 
the key secondary outcomes were sequentially evalu-
ated, in hierarchical order, using a fixed-sequence gate-
keeping strategy to control the overall type 1 (false 

positive) error rate at 5%. Analyses were performed in 
the following sequence: T25FW responder rate and then 
change from baseline in T25FW, TUG, and 2MWT for 
the 274 mg dose versus placebo, followed by responder 
rate and change from baseline in each of these efficacy 
measures for the 137 mg dose versus placebo. At each 
step, if superiority was not demonstrated, all subsequent 
results were considered statistically nonsignificant, irre-
spective of p-value.

Hypothesis testing for the T25FW, TUG, and 2MWT 
was done for both ADS-5102 doses and placebo using 
t-tests derived from the corresponding linear mixed 
model with repeated measures (MMRM) model, with 
the change from baseline as the dependent variable 
and fixed effects of treatment group, study week, and 
treatment by study week interaction. The baseline 
value was included as a covariate, and an unstructured 
variance–covariance matrix was used for the within-
participant residual variability. If the model failed to 
converge under this assumption, then a compound 
symmetry covariance structure was assumed. The 
Kenward–Roger method was used to estimate the 
denominator degrees of freedom. Prespecified analy-
ses to assess the impact of missing data included 
repeating the primary analysis using study com-
pleters. Where permitted by sample size (at least 30 
per group), the primary responder analysis was also 
repeated for prespecified subgroups based on baseline 
demographic and disease state categories (age, gen-
der, race, BMI, type of MS, time since MS diagnosis, 
EDSS score, use of assistive devices, history of dal-
fampridine or amantadine use, and T25FW time).

Treatment-emergent AEs (TEAEs) were coded and 
summarized according to the Medical Dictionary for 
Regulatory Activities (version 21.0). AEs recorded 
during single-blind placebo treatment were not 
included in reporting. Software used was SAS version 
9.4 (SAS Institute Inc., Cary, NC).

Role of the funding source
The sponsor contributed to study design, conduct, and 
reporting. External authors had full access to study 
data, participated in the planning of the publication, 
and had final responsibility for the decision to submit 
the paper for publication.

Results

Study population
The study was performed at 85 centers in the United 
States and Canada between April 2018 and November 
2019. Disposition for the 594 enrolled participants is 
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shown in Figure 2. A total of 558 randomized partici-
pants received double-blind treatment with placebo 
(n = 186), 137 mg ADS-5102 (n = 187), or 274 mg 
ADS-5102 (n = 185) and composed the ITT and safety 
populations. Of these, 473 (placebo (n = 174; 93.5%), 
ADS-5102 137 mg (n = 166; 88.8%), and ADS-5102 
274 mg (133; 71.9%)) completed study drug treat-
ment. Of the 85 participants who discontinued study 
drug, 11 (placebo (n=2), ADS-5102 137 mg (n=3), and 
ADS-5102 274 mg (n=6)) remained in the study and 
continued to undergo assessments. Two patients (n = 1 
in each ADS-5102 group) completed treatment (Week 
16) but did not complete the safety follow-up visit and 
were therefore listed as not completing the study.

Baseline characteristics are shown in Table 1. Overall, 
participants had a mean age of 54.4 years, with a 

majority being ⩾ 55 years of age, female, and white. 
Most participants (95.5%) performed the T25FW 
in < 26.5 seconds. At screening, approximately half of 
participants (55.6%) had an EDSS score of 6.0 or 6.5. 
In total, 72 (12.9%) participants had previously used 
amantadine and 293 (52.5%) had previously used dal-
fampridine (distribution by treatment group shown in 
Table 1); 72% were concomitantly using disease-mod-
ifying treatments for MS, including glatiramer, beta-
interferons, alemtuzumab, fingolimod, natalizumab, 
ocrelizumab, teriflunomide, or dimethyl fumarate.

Efficacy
The proportion of participants meeting responder cri-
teria (⩾ 20% increase in T25FW speed) was 21.1% 
for 274 mg ADS-5102 (n/N = 39/185) and 11.3% for 

Screened
(n=867)

Screen failure (n=273)
Most common reason: T25FW not within 8–45 sec

Enrolled
(n=594)

Placebo run-in discontinued (n=34)
Most common reason: adverse event (10, 29%)

Randomized
(n=560)

Randomized to ADS-5102 (274 mg)
but not treated (n=2)

Discontinuations (n=21, 11.2%)
   Adverse event 15
   Lost to follow-up 1
   Protocol violation 1
   Withdrawn by participant 4

Intent-to-Treat/Safety Population
(n=558)

ADS-5102 (137 mg)
(n=187, 100%)

Discontinuations (n=52, 28.1%)
   Adverse event 40
   Physician decision 1
   Protocol violation 1
   Withdrawn by participant 10

ADS-5102 (274 mg)
(n=185, 100%)

Discontinuations (n=12, 6.5%)
   Adverse event 7
   Lost to follow-up 2
   Withdrawn by participant 3

Placebo
(n=186, 100%)

Completed Study Drug Treatment
Placebo

(n=174, 93.5%)

Completed Study Drug Treatment
ADS-5102 (137 mg)

(n=166, 88.8%)

Completed Study Drug Treatment
ADS-5102 (274 mg)

(n=133, 71.9%)

Did not return for safety
follow-up (n=1)

Completed Treatment and
Completed Study

(n=132, 71.4%)

Did not return for safety
follow-up (n=1)

Completed Treatment and
Completed Study

(n=165, 88.2%)

Completed Treatment and
Completed Study

(n=174, 93.5%)

Figure 2. Participant disposition. A total of 11 participants (2 (1.1%) placebo, 3 (1.6%) ADS-5102 137 mg, and 6 (3.2%) 
ADS-5102 274 mg) who discontinued treatment before Week 16 continued to receive assessments in the study. Therefore, 
a total of n = 176 (placebo), n = 168 (ADS-5102 137 mg), and n = 138 (ADS 5102 274 mg) participants, respectively, 
completed the Week 16 study assessments. Two patients (one in each ADS-5102 group) subsequently did not return for 
the safety follow-up visit and were counted as having completing study treatment, but not as completing the study.
T25FW, Timed 25-Foot Walk.
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Table 1. Baseline demographics, disease characteristics, and walking assessments.

Parameter/disease characteristic Placebo (n = 186) ADS-5102  

137 mg (n = 187) 274 mg (n = 185) Total (n = 558)

Age, mean (SD), years 54.5 (9.75) 54.7 (9.13) 54.0 (9.27) 54.4 (9.37)

BMI, mean (SD), kg/m2 28.1 (6.0) 28.9 (7.4)a 28.2 (6.8) 28.4 (6.7)b

Sex, n (%)

 Female 128 (68.8) 125 (66.8) 124 (67.0) 377 (67.6)

 Male 58 (31.2) 62 (33.2) 61 (33.0) 181 (32.4)

Ethnicity, n (%)

 Hispanic or Latino 4 (2.2) 15 (8.0) 8 (4.3) 27 (4.8)

 Not Hispanic or Latino 182 (97.8) 172 (92.0) 177 (95.7) 531 (95.2)

Race, n (%)

 White 155 (83.3) 158 (84.5) 160 (86.5) 473 (84.8)

 Black or African American 23 (12.4) 24 (12.8) 21 (11.4) 68 (12.2)

 American Indian or Alaska Native 2 (1.1) 1 (0.5) 0 3 (0.5)

 Other 6 (3.2) 4 (2.1) 4 (2.2) 14 (2.5)

Type of MS, n (%)

 Primary progressive 18 (9.7) 21 (11.2) 17 (9.2) 56 (10.0)

 Secondary progressive 41 (22.0) 41 (21.9) 37 (20.0) 119 (21.3)

 Relapsing remitting 127 (68.3) 125 (66.8) 131 (70.8) 383 (68.6)

Time since symptom onset, years

 n 186 185 185 556

 Mean (SD) 19.7 (11.2) 20.4 (11.5) 19.6 (10.6) 19.9 (11.1)

 Median 18.5 18.8 19.4 19.0

 Min, max 0.7, 48.1 1.1, 53.6 0.5, 50.9 0.5, 53.6

Time since diagnosis, years

 n 186 187 185 558

 Mean (SD) 15.9 (9.5) 16.0 (9.9) 16.0 (9.7) 15.9 (9.6)

 Median 14.9 14.6 15.5 15.0

 Min, max 0.4, 43.9 0.0, 50.9 0.5, 45.9 0.0, 50.9

EDSS

 n 186      186 185 557

 Mean (SD) 5.2 (1.3) 5.1 (1.5) 5.2 (1.3) 5.2 (1.4)

 Median 6.0 6.0 6.0 6.0

 Min, max 1.5, 6.5 1.0, 6.5 1.5, 6.5 1.0, 6.5

 0–3.5 (no disability to minimal walking limitation) 39 (21.0) 43 (23.0) 33 (17.8) 115 (20.6)

 4–5.5 (walking limitation) 39 (21.0) 43 (23.0) 50 (27.0) 132 (23.7)

 6–6.5 (need for assistive device) 108 (58.1) 100 (53.5) 102 (55.1) 310 (55.6)

 Prior amantadine use 21 (11.3) 13 (7.0) 38 (20.5) 72 (12.9)

 Prior dalfampridine use 100 (53.8) 88 (47.1) 105 (56.8) 293 (52.5)

Walking assessmentsc

 T25FW, ft/sd

  Mean (SD) 2.35 (0.767) 2.41 (0.772) 2.44 (0.691) –

  Min, max 0.5, 4.7 0.4, 5.3 0.6, 4.7 –

 T25FW, secondsd  

  Mean (SD) 12.4 (6.3) 12.6 (8.3) 11.6 (5.0) –

  Min, max 5.3, 46.0 4.8, 68.9 6.0, 40.0 –

 TUG, seconds

  Mean (SD) 18.1 (9.0) 18.0 (10.5) 17.7 (9.0) –

  Min, max 5.2, 55.9 4.8, 93.9 8.2, 63.6 –

 2MWT, minutes

  Mean (SD) 77.9 (29.8) 81.9 (30.1) 81.2 (27.2) –

  Min, max 20.2, 195.3 11.3, 150.0 16.3, 168.8 –

 MSWS-12

  Mean (SD) 63.2 (22.9) 60.1 (23.2) 61.2 (23.8) –

  Min, max 0, 100 0, 100 0, 100 –

2MWT: 2-Minute Walk Test; BMI: body mass index; EDSS: expanded disability status scale; MSWS-12: Multiple Sclerosis Walking Scale; 
T25FW: Timed 25-Foot Walk; TUG: Timed Up and Go.
an = 186. bn = 557. cAverage of up to 2 separate visit averages collected at Weeks 2 and 4 (prior to randomization). If one of the baseline values was 
missing, baseline was instead defined as the last measurement prior to randomization. dEach week’s visit results are the average of up to 2 separate 
measurements taken 5 minutes apart.
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placebo (n/N = 21/186), representing a significant risk 
difference of 0.098 (95% CI: 0.023–0.174; p = 0.01) 
(Figure 3(a)). This significant treatment effect was 
maintained when restricting the analysis to study 
completers: the proportion of responders was 28.3% 
for 274 mg ADS-5102 (39 of 138 completers) and 
11.9% for placebo (21 of 176 completers), represent-
ing a risk difference of 0.163 (95% CI: 0.075–0.254; 
p < 0.001) (Figure 3(b)). The cumulative distribution 
of T25FW response at Week 12 post randomization is 
shown in Figure 3(c). The difference between 274 mg 
ADS-5102 and placebo was significant only for 
the ⩾ 20% responder threshold (p = 0.01). Separation 
from placebo in T25FW speed was present by post-
randomization Week 4 and widened by post-randomi-
zation Week 12 (Study Week 16) (Figure 3(d)).

Prespecified subgroup analyses generally supported 
the primary analysis. The proportion of participants 
meeting T25FW responder criteria was similar irre-
spective of prior dalfampridine use, with respective 
percentages for former dalfampridine users and non-
users of 20% and 22.5% for 274 mg ADS-5102, and 
11.0% and 11.6% for placebo.

Forest plots for prespecified responder rate subanaly-
ses at post-randomization Week 12 are shown in 
Figure 4. Subpopulations with significant risk differ-
ences favoring 274 mg ADS-5102 over placebo 
included age < 55 years (p = 0.003), female sex 
(p = 0.016), lower time since diagnosis (p = 0.039), not 
using an assistive device (p = 0.025), and EDSS score 
4–5.5 (p = 0.009). Analysis of secondary endpoints at 
post-randomization Week 12 showed statistical sig-
nificance for 274 mg ADS-5102 over placebo for 
change in walking speed (T25FW, least squares mean 
treatment difference, 0.12 ft/s; p = 0.01; Table 2), but 
not for TUG test results (least squares mean treatment 
difference, −0.4, p = 0.95); as such, the result for the 
2MWT, despite returning a p-value < 0.05 must be 
considered not significant based on the hierarchical 
testing procedure. The responder rate for the 137 mg 
ADS-5102 dose was 17.6% (n/N = 33/187), represent-
ing a risk difference of 0.064 (95% CI: −0.008–0.136; 
p = 0.08). Although the mean change in T25FW speed 
and 2MWT for 137 mg ADS-5102 returned p-val-
ues < 0.05, these also must be considered not signifi-
cant. Of note, the 2MWT results showed a rising trend 
for ADS-5102, with non-overlap of CIs by Week 4 
post randomization (Supplementary Figure 1). Mean 
changes in MSWS-12 score were small and similar 
across treatment groups.

A post hoc analysis by responder status for all effi-
cacy outcomes is shown in Figure 5.

Safety
Table 3 summarizes AEs, and the most commonly 
reported TEAEs and treatment discontinuation rate 
are displayed in Table 4. Two events, peripheral 
edema and dry mouth, occurred in ⩾ 10% of ADS-
5102-treated patients in either dose group. Peripheral 
edema was considered related to study drug for 0.5%, 
3.2%, and 10.8% randomized to placebo, 137 mg 
ADS-5102, and 274 mg ADS-5102, respectively, and 
dry mouth was considered related for 1.1%, 1.1%, 
and 9.7%, respectively. AEs were typically mild or 
moderate in severity. Severe TEAEs were reported for 
2.2% receiving placebo, 4.3% receiving 137 mg ADS-
5102, and 8.1% receiving 274 mg ADS-5102. Events 
rated as severe for > 1 ADS-5102-treated participant 
were peripheral edema (n = 2), appendicitis (n = 2), 
and insomnia (n = 2). AEs led to study drug discon-
tinuation for 3.8%, 6.4%, and 20.5% in the placebo, 
137 mg ADS-5102, and 274 mg ADS-5102 groups, 
respectively, most frequently due to peripheral edema, 
visual hallucinations, insomnia, tremor, or dry mouth.

Serious AEs (SAEs) were reported for 1 (0.5%), 5 
(2.7%), and 11 (5.9%) participants receiving placebo, 
137 mg-, or 274 mg ADS-5102, respectively. The only 
SAEs occurring in > 1 ADS-5102-treated participant 
were MS relapse (n = 2 receiving 274 mg) and appendici-
tis (n = 1 each ADS-5102 dose). SAEs led to discontinu-
ation for six patients (all receiving ADS-5102) and 
included acute myocardial infarction (n = 1 (137 mg)) 
and hallucinations, ileus, osteoarthritis, renal cell carci-
noma, and blurred vision (n = 1 each (274 mg)). All 
SAEs, except the reports of hallucination and blurred 
vision that led to discontinuation, were considered unre-
lated to ADS-5102 treatment. No deaths occurred during 
the study. In addition to hallucinations (reported above 
and in Table 3), suicidality, and orthostatic hypotension 
were prespecified as events of special interest. Orthostatic 
hypotension-like events were reported for 0.5%, 1.1%, 
and 0.5% of participants receiving placebo, 137 mg 
ADS-5102, and 274 mg ADS-5102, respectively, and 
suicidality was reported as an AE for 1.1% in each treat-
ment group.

No clinically relevant vital sign changes or physical 
examination findings were noted. Four participants had 
potentially clinically significant (PCS) laboratory values 
that were also reported as TEAEs: leukopenia (n = 1 
receiving placebo) and liver function test (LFT) elevation 
(n = 3 randomized to 274 mg ADS-5102). Of those with 
LFT elevation, one case (considered unrelated to treat-
ment) was reported 23 days after the last dose of ADS-
5102. The other two participants (considered treatment 
related) were taking medications known to cause LFT 
elevation (nitrofurantoin in both, and teriflunomide in 
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Figure 3. T25FW responder analyses and mean change at 12 weeks post randomization (Study Week 16). (a) Proportion 
of responders (denominators are ITT subjects). (b) Proportion of responders (denominators are subjects completing week 
16). (c) Cumulative distribution of T25FW response (denominators are ITT subjects). (d) LS mean (SE) T25FW change 
from baseline over 12 weeks post randomization (Study Week 16).
A responder was defined as a participant who had a ⩾ 20% improvement from baseline to Week 12 post randomization in walking speed 
measured using the T25FW (average of two measurements 5 minutes apart). ITT, intent-to-treat; LS, least squares; SE, standard error, 
T25FW, Timed 25-Foot Walk.
*Difference between 274 mg ADS-5102 and placebo at 12 weeks post randomization was significant (p = 0.01).
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Figure 4. T25FW responder analysis by prespecified subgroups at 12 weeks post randomization (Study Week 16) based 
on baseline demographic and disease-state categories. (a) 137 mg dose. (b) 274 mg dose.
T25FW, Timed 25-Foot Walk.
aMedian of enrolled population (14.99 years).
*p < 0.05.

one); PCS LFT elevation (alkaline phosphatase and 
gamma-glutamyl transferase) resolved in one participant 
while still on ADS-5102, but off nitrofurantoin; in the 
other participant, ADS-5102 had been stopped 11 days 
before LFT elevations (alanine aminotransferase and 
gamma-glutamyl transferase) were first observed and 
resolved approximately 2 months after stopping teriflu-
nomide and administering cholestyramine.

Discussion
This Phase 3, double-blind, randomized, placebo-
controlled trial met the primary endpoint, with 

a significantly greater proportion of participants 
receiving 274 mg ADS-5102 showing a ⩾ 20% 
increase in T25FW speed at post-randomization Week 
12 versus placebo. The 274 mg ADS-5102 group also 
had significantly improved T25FW speed versus pla-
cebo. Although mean changes in T25FW speed and 
2MWT favored 137 mg ADS-5102 over placebo, 
p-values cannot be interpreted as significant based on 
hierarchical testing procedure. The proportion T25FW 
responders appeared similar, irrespective of prior dal-
fampridine use. The rationale for using responder 
analysis as the primary endpoint, in addition to the 
proven validity and regulatory acceptability of this 
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Table 2. Mean change from baseline to Week 12 post randomization (Study Week 16) in the T25FW, TUG, 2MWT, and 
MSWS-12 (ITT population).

Analysis at Week 12 Placebo (n = 186) 137 mg ADS-
5102 (n = 187)

274 mg ADS-
5102 (n = 185)

T25FW, ft/s n = 176 n = 167 n = 135

 Baseline, mean (SD) 2.36 (0.78) 2.44 (0.77) 2.44 (0.70)

 Week 12, mean (SD) 2.44 (0.84) 2.64 (0.85) 2.65 (0.85)

 Change from baseline

  LS mean (SE) 0.07 (0.03) 0.19 (0.03) 0.19 (0.04)

  95% CI 0.01–0.14 0.12–0.25 0.12–0.27

 Treatment difference

  LS mean (SE) – 0.12 (0.05) 0.12 (0.05)

  95% CI – 0.02–0.21 0.02–0.22

  p valuea – 0.02 0.01b

TUG, s n = 176 n = 168 n = 136

 Baseline, mean (SD) 18.14 (9.15) 17.68 (10.58) 17.72 (8.95)

 Week 12, mean (SD) 17.51 (8.61) 16.26 (8.86) 16.88 (11.01)

 Change from baseline

  LS mean (SE) −0.56 (0.38) −1.35 (0.38) −0.60 (0.42)

  95% CI −1.30 to 0.18 −2.11 to −0.60 −1.42 to 0.21

 Treatment difference

  LS mean (SE) – −0.79 (0.54) −0.04 (0.56)

  95% CI – −1.85 to 0.27 −1.14 to 1.06

  p valuea – 0.14 0.95

2MWT, minutes n = 176 n = 167 n = 136

 Baseline, mean (SD) 78.21 (29.92) 82.17 (29.73) 80.54 (27.58)

 Week 12, mean (SD) 80.54 (31.49) 88.30 (31.55) 86.61 (31.37)

 Change from baseline

  LS mean (SE) 2.16 (1.22) 6.31 (1.24) 5.69 (1.35)

  95% CI −0.23 to 4.55 3.87–8.75 3.03–8.35

 Treatment difference  

  LS mean (SE) – 4.14 (1.74) 3.53 (1.82)

  95% CI – 0.73–7.56 −0.05 to 7.10

  p valuea – 0.02 0.05

MSWS-12c n = 175 n = 168 n = 138

 Baseline, mean (SD) 63.88 (22.69) 60.23 (22.75) 60.79 (24.28)

 Week 12, mean (SD) 66.06 (24.79) 58.68 (26.61) 61.31 (25.49)

 Change from baseline

  LS mean (SE) 2.78 (1.15) −1.20 (1.17) 1.33 (1.26)

  95% CI 0.51 to 5.04 −3.50 to 1.10 −1.14 to 3.80

 Treatment difference

  LS mean (SE) – −3.98 (1.64) −1.45 (1.71)

  95% CI – −7.21 to −0.75 −4.80 to 1.90
  p valuea – 0.02 0.40

2MWT: 2-Minute Walk Test; CI: confidence interval; LS: least squares; MMRM: mixed model with repeated measures; MSWS-
12: 12-item Multiple Sclerosis Walking Scale; T25FW: Timed 25-Foot Walk; TUG: Timed Up and Go.
ap values were based on the comparison between ADS-5102 treatment and placebo from the MMRM model with change from 
baseline as the dependent variable and the baseline value as a covariate. The model included fixed effects for treatment group, visit 
(Weeks 4, 8, and 12 post randomization), and the interaction between treatment group and visit. An unstructured covariate structure 
was used.
bStatistically significant based on the hierarchical strategy.
cMSWS-12 MMRM results were calculated post hoc.
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Figure 5. Analysis (MMRM) by responder status of efficacy endpoint changes from baseline to 12 weeks post 
randomization (Study Week 16); changes shown are LS mean (95% CI) from the MMRM model with change from 
baseline as the dependent variable and the baseline value as a covariate. The model was run separately for responders and 
nonresponders, and included fixed effects for treatment group, visits (Weeks 8, 12, and 16), and the interaction between 
treatment group and visit. An unstructured covariate structure is used. 2MWT, 2-Minute Walk Test; MMRM, mixed 
model with repeated measures; MSWS-12, 12-item Multiple Sclerosis Walking Scale; T25FW, Timed 25-Foot Walk; 
TUG, Timed Up and Go.

Table 3. Summary of AEs (safety population).

Participants, n (%) Placebo (n = 186) ADS-5102

137 mg (n = 187) 274 mg (n = 185)

Any TEAE 90 (48.4) 105 (56.1) 140 (75.7)

Any SAE 1 (0.5) 5 (2.7) 11 (5.9)

Any study drug-related TEAE 15 (8.1) 24 (12.8) 68 (36.8)

Any study drug-related SAE 0 0 2 (1.1)

Any TEAE leading to study drug discontinuation 7 (3.8) 12 (6.4) 38 (20.5)

TEAEs of special interest

 Hallucination 0 4 (2.1) 7 (3.8)
 Suicidality 2 (1.1) 2 (1.1) 2 (1.1)
 Orthostatic hypotension-related 1 (0.5)   2 (1.1) 1 (0.5)

AE: adverse event; SAE: serious adverse event; TEAE: treatment-emergent adverse event.
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approach, was that, similar to dalfampridine and other 
symptomatic treatments, we anticipated some patients 
would benefit from ADS-5102 treatment and some 
may not. The 17.6% (137 mg) and 21.1% (274 mg) 
responder rates for ADS-5102 (vs 11.3% placebo) 
were lower than those for the two Phase 3 studies of 
dalfampridine where ~33% of participants had 
a ⩾ 20% T25FW speed improvement versus 13.7% 
for placebo after 9–14 weeks treatment.33 The 
response rate for 274 mg ADS-5102 was affected by 
tolerability, as demonstrated by the higher, 28.3% 
response rate in completers.

Although significant, the overall improvement in 
T25FW (0.12 ft/s over placebo) and the low magnitude 
of treatment differences for other secondary endpoints 
may seem of questionable clinical relevance. However, 
it is important to keep in mind that our prespecified 
analyses were conducted by treatment group (study 
drug vs placebo) instead of by responder status (T25FW 
responders vs nonresponders) within treatment arms as 
was done in the dalfampridine trials.11,12,33 A similarly 
conducted post hoc analysis by responder status for our 

study shows the validity of the responder definition, 
with demonstrable differences for all efficacy out-
comes (Figure 5). For example, the least squares mean 
change in T25FW for 274 mg ADS-5102 responders is 
0.73 ft/s, which is above the 0.36 ft/s minimal clinically 
important difference (MCID) reported by Coleman 
et al in 2012,34 and greater than the −0.1 ft/s change for 
nonresponders. Similarly, evaluation of 2MWT shows 
results of 14.3 (137 mg) and 16.0 (274 mg) for respond-
ers (vs 3.4 and 1.8, respectively, for nonresponders), 
clearly exceeding the MCID thresholds calculated in 
an MS population by Baert et al that demonstrated 
meaningful changes from a patient and therapist per-
spective of 9.6 m and 6.8 m, respectively.35 Likewise, 
the MSWS-12 showed a greater than 12-point treat-
ment difference for 274 mg ADS-5102 (−7.95 point 
improvement for responders vs + 4.45 point decline for 
nonresponders) and a 3.6 point difference for 137 mg 
(−4.15 vs −0.53 improvements, respectively).

Although the 274 mg ADS-5102 dose showed a 
greater response rate than the 137 mg dose, it also 
showed poorer tolerability, with higher incidence of 

Table 4. Incidence of common TEAEs (⩾ 3% in either active arm) and number of patients discontinuing study treatment 
for these events.

Preferred term Placebo (n = 186) ADS-5102

Patients 
overall, n (%)

DC, n (%) 137 mg (n = 187) 274 mg (n = 185)

Patients 
overall, n (%)

DC, n 
(%)

Patients 
overall, n (%)

DC, n 
(%)

Edema peripheral 1 (0.5) 0 8 (4.3) 4 (2.1) 29 (15.7) 10 (5.4)

Dry mouth 2 (1.1) 0 6 (3.2) 0 25 (13.5) 3 (1.6)

Fall 13 (7.0) 0 8 (4.3) 0 16 (8.6) 0

Constipation 1 (0.5) 1 (0.5) 8 (4.3) 1 (0.5) 15 (8.1) 1 (0.5)

Urinary tract infection 19 (10.2) 1 (0.5) 7 (3.7) 0 16 (8.6) 0

Insomnia 0 0 3 (1.6) 1 (0.5) 13 (7.0) 3 (1.6)

Fatigue 5 (2.7) 0 6 (3.2) 0 8 (4.3) 2 (1.1)

Dizziness 4 (2.2) 1 (0.5) 5 (2.7) 0 8 (4.3) 1 (0.5)

Nasopharyngitis 7 (3.8) 0 7 (3.7) 0 4 (2.2) 0

Hallucinationa 0 0 4 (2.1) 1 (0.5) 7 (3.8) 5 (2.7)

Contusion 4 (2.2) 0 3 (1.6) 0 7 (3.8) 0

Tremor 1 (0.5) 1 (0.5) 2 (1.1) 0 8 (4.3) 3 (1.6)

Vision blurred 1 (0.5) 0 2 (1.1) 0 8 (4.3) 1 (0.5)

Anxiety 2 (1.1) 0 1 (0.5) 0 6 (3.2) 2 (1.1)

Decreased appetite 1 (0.5) 0 1 (0.5) 0 6 (3.2) 0

Livedo reticularis 0 0 0 0 7 (3.8) 2 (1.1)

Peripheral swelling 0 0 1 (0.5) 0 6 (3.2) 1 (0.5)

Rash 2 (1.1) 1 (0.5) 1 (0.5) 0 6 (3.2) 2 (1.1)
Dry eye 0 0 0 0 6 (3.2) 0

AE: adverse event; DC: discontinuation; SAE: serious adverse event; TEAE: treatment-emergent adverse event.
aPooled term for visual and mixed hallucination (visual and auditory).
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drug-related AEs (37% vs 13%, respectively), discon-
tinuations due to AEs (20.5% vs 6.4%), and overall 
study dropout (25% vs 10%) that may affect drug util-
ity for some patients. Acknowledging these tolerabil-
ity differences, AEs at both doses were largely 
assessed as mild or moderate in severity, with periph-
eral edema or dry mouth being most common. Overall, 
AEs were consistent with the known safety profile of 
amantadine.

The fact that we did not control for medication regi-
men differences across groups is a potential limitation 
of the study, although subgroup analysis did show a 
largely consistent response. It is also unknown how 
effects may change over a longer duration of time 
than that evaluated in this 16-week study.

In conclusion, the INROADS trial met its primary 
endpoint, demonstrating that a higher proportion of 
participants achieved a clinically meaningful 
improvement in walking speed for 274 mg ADS-
5102 compared with placebo. This dose achieved a 
modestly greater response compared with the 
137 mg dose; however, AEs and tolerability also 
appeared dose-related. Although overall responder 
rates were not large, the results suggest a role for 
274 mg ADS-5102 to improve walking in certain 
patients with MS. Further insights and safety data 
will be gained from the ongoing 1-year open-label 
extension to this trial.
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