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Abstract

BACKGROUND—There are limited treatments for progressive multiple sclerosis. Ibudilast 

inhibits several cyclic nucleotide phosphodiesterases, macrophage migration inhibitory factor, and 

toll-like receptor 4 and can cross the blood–brain barrier, with potential salutary effects in 

progressive multiple sclerosis.

METHODS—We enrolled patients with primary or secondary progressive multiple sclerosis in a 

phase 2 randomized trial of oral ibudilast (≤100 mg daily) or placebo for 96 weeks. The primary 

efficacy end point was the rate of brain atrophy, as measured by the brain parenchymal fraction 

(brain size relative to the volume of the outer surface contour of the brain). Major secondary end 

points included the change in the pyramidal tracts on diffusion tensor imaging, the magnetization 

transfer ratio in normal-appearing brain tissue, the thickness of the retinal nerve-fiber layer, and 

cortical atrophy, all measures of tissue damage in multiple sclerosis.

RESULTS—Of 255 patients who underwent randomization, 129 were assigned to ibudilast and 

126 to placebo. A total of 53% of the patients in the ibudilast group and 52% of those in the 

placebo group had primary progressive disease; the others had secondary progressive disease. The 

rate of change in the brain parenchymal fraction was −0.0010 per year with ibudilast and −0.0019 

per year with placebo (difference, 0.0009; 95% confidence interval, 0.00004 to 0.0017; P = 0.04), 

which represents approximately 2.5 ml less brain-tissue loss with ibudilast over a period of 96 

weeks. Adverse events with ibudilast included gastrointestinal symptoms, headache, and 

depression.

CONCLUSIONS—In a phase 2 trial involving patients with progressive multiple sclerosis, 

ibudilast was associated with slower progression of brain atrophy than placebo but was associated 

with higher rates of gastrointestinal side effects, headache, and depression.

Even though more than a dozen therapies have been approved for the treatment of relapsing 

forms of multiple sclerosis, only the monoclonal antibody ocrelizumab and the 

chemotherapy agent mitoxantrone are approved for progressive multiple sclerosis.1 Ibudilast 

is a small molecule available in Asia for the treatment of asthma and poststroke vertigo. 

Ibudilast inhibits several cyclic nucleotide phosphodiesterases, macrophage migration 

inhibitory factor,2 and toll-like receptor 4 and can cross the blood–brain barrier, potentially 

having effects in the central nervous system.3

*A list of the NN102/SPRINT-MS Trial Investigators is provided in the Supplementary Appendix, available at NEJM.org.
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Levels of macrophage migration inhibitory factor and toll-like receptor 4 are increased in the 

cerebrospinal fluid (CSF) of patients with progressive multiple sclerosis, and these proteins 

can elicit inflammatory responses in the central nervous system.4–6 In a phase 2 trial 

involving patients with relapsing multiple sclerosis, ibudilast at a dose of 30 to 60 mg per 

day did not prevent the development of new lesions as shown on magnetic resonance 

imaging (MRI) but slowed the progression of brain atrophy in a dose-dependent fashion and 

decreased the proportion of gadolinium-enhancing lesions that converted to black holes on 

T1-weighted images, the latter representing areas of severe brain-tissue injury.7 These 

observations provided the equipoise for testing ibudilast as a possible therapy for progressive 

multiple sclerosis.8

One of the main purposes in the treatment of progressive multiple sclerosis is to slow the 

progression of neurologic impairment, which arises from permanent tissue injury.9 A widely 

used measure of permanent tissue injury in multiple sclerosis is the degree of brain atrophy.
10 We report results of a phase 2, multicenter, randomized, double-blind, parallel-group trial 

(NeuroNEXT 102/Secondary and Primary Progressive Ibudilast NeuroNEXT Trial in 

Multiple Sclerosis [NN102/ SPRINT-MS]) that investigated the activity and safety of 

ibudilast as compared with placebo in progressive multiple sclerosis.11

METHODS

TRIAL OVERSIGHT

The trial was conducted by the Network for Excellence in Neuroscience Clinical Trials 

(NeuroNEXT), which is sponsored by the National Institute of Neurological Disorders and 

Stroke (NINDS). The trial was designed by a protocol working group and managed by a 

protocol steering committee, clinical coordinating center, and data coordinating center. 

Safety oversight was provided by an independent medical monitor, an NINDS-appointed 

data and safety monitoring board, and the NeuroNEXT central institutional review board, as 

summarized in the Supplementary Appendix (available with the full text of this article at 

NEJM.org). The data coordinating center at the University of Iowa maintained and analyzed 

the data. All the authors vouch for the adherence of the trial to the protocol (available at 

NEJM.org) and for the accuracy and completeness of the data and analysis and the reporting 

of adverse events.

The active drug and matching placebo were provided at no cost by MediciNova. 

MediciNova also provided less than 10% of the total trial funding, through an agreement 

with the National Institutes of Health, and had a representative on the protocol steering 

committee, who commented on protocol amendments and drafts of the manuscript. There 

was no confidentiality agreement between the authors and MediciNova; the protocol steering 

committee independently decided to submit the manuscript for publication.

The trial was conducted in accordance with the International Council for Harmonisation 

guidelines for Good Clinical Practice12 and the Declaration of Helsinki.13 All the patients 

provided written informed consent.
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PATIENTS

Key eligibility criteria included an age of 21 to 65 years; diagnosis of primary progressive or 

secondary progressive multiple sclerosis according to 2010 International Panel criteria14; 

typical multiple sclerosis lesions on MRI according to Swanton’s criteria, which require at 

least one demyelinating lesion in two or more of the following regions: periventricular, 

juxtacortical, infratentorial (brain stem and cerebellum), and spinal cord15; a score on the 

Expanded Disability Status Scale (EDSS)16 of 3.0 to 6.5 (range, 0 to 10 in 0.5-point 

increments, with higher scores indicating more disability); and clinical evidence in the 

medical record of progression of disability in the preceding 2 years, as measured by an 

increase in the EDSS score of at least 0.5 points, an increase in the time to perform the timed 

25-foot (7.6 m) walk of at least 20%, or an increase in the time to complete the 9-hole peg 

test of at least 20%.17 Concurrent treatment with interferon beta-1 or glatiramer acetate was 

allowed.

Key exclusion criteria were clinical relapse or the use of systemic glucocorticoid treatment 

within 3 months before screening; concurrent use of immunomodulating therapies other than 

interferon beta-1 or glatiramer acetate; current use of medications that posed potential drug–

drug interactions with ibudilast, including those that could prolong the QT interval; 

moderate-to-severe depression, as indicated by a score of 9 or higher on the Beck 

Depression Inventory–Fast Screen (range, 0 to 21, with higher scores indicating more severe 

depression)18; and an inability to lie sufficiently still in an MRI scanner to obtain high-

quality images. For details on inclusion and exclusion criteria, see the Supplementary 

Appendix.

TRIAL DESIGN

Patients from 28 U.S. sites were randomly assigned (in a 1:1 ratio) to receive ibudilast at a 

dose of up to 100 mg orally (ten 10-mg capsules) per day or matching placebo pills in two or 

three divided doses for 96 weeks. The target dose was chosen on the basis, in part, of 

experience in trials of the drug for relapsing–remitting multiple sclerosis that used 60 mg per 

day7 and evidence from preclinical studies that showed safety, acceptable adverse-event 

rates, high rates of adherence, and increased biologic activity in humans at 100 mg per day.8

After an initial 2-week period of 60 mg of ibudilast or matching placebo per day, the dose 

was increased to 100 mg of ibudilast or the equivalent number of placebo capsules per day. 

Dose adjustment for side effects including nausea, diarrhea, and vertigo to 60 mg, 80 mg, or 

100 mg of ibudilast or equivalent placebo per day was allowed at the investigator’s 

discretion up to week 8, after which patients maintained their then-current daily dose of the 

trial regimen. Safety visits were conducted every 4 weeks through week 12, then every 12 

weeks through week 96. Adherence to the trial regimen was assessed by questioning patients 

and counting pills at clinical visits. Clinical disability according to the EDSS score was 

assessed every 24 weeks, at which time MRI and optical coherence tomography19 were also 

performed.

Randomization was performed centrally with the use of an interactive Web-response system. 

Randomization was stratified according to disease type (primary or secondary progressive 
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multiple sclerosis) and concurrent use of immunomodulating therapy (yes [interferon beta-1 

or glatiramer acetate] or no) with the use of a permuted block design with random block 

sizes of 4 or 6. All site investigators, image-analysis investigators, and patients were 

unaware of the trial-group assignments. At each trial site, examiners who were trained and 

certified by Neurostatus (Basel, Switzerland) in assessing the EDSS score conducted the 

neurologic examination; examiners were unaware of the trial-group assignments.

MRI was performed with Siemens (Trio/Prisma or Skyra) or GE (version 12x or higher) 3T 

systems. Image acquisition and quality assurance were overseen by a collaboration of three 

imageanalysis centers (see the Supplementary Appendix and protocol for details of image 

acquisition and quality assurance). Analysis of the thickness of the retinal nerve-fiber layer 

on optical coherence tomography was performed at a central reading center by two 

independent readers, and the measurements were averaged to give a final result (see the 

Supplementary Appendix for details).

TRIAL END POINTS

The primary end point was the rate of brain atrophy, as measured by the brain parenchymal 

fraction.20 Safety was determined by site investigators reporting adverse events and serious 

adverse events; serious adverse events were reviewed by an independent medical monitor. 

The major secondary end points were disruption of tissue, as measured by change in 

pyramidal white-matter tracts on diffusion tensor imaging21; change in the magnetization 

transfer ratio in normal-appearing brain tissue22; change in the thickness of the retinal nerve-

fiber layer on optical coherence tomography; and the rate of cortical atrophy, as measured by 

an algorithm for the detection of cortical longitudinal atrophy that has been described 

previously.23

The brain parenchymal fraction is the amount of brain tissue contained within a contour that 

surrounds the entire brain, including the CSF, as quantified from MRI data. The fraction is 

the proportion of cranial contents taken up by the brain and is normalized for different-sized 

heads. As atrophy progresses, CSF replaces brain tissue and the brain parenchymal fraction 

decreases. Diffusion tensor imaging measures the threedimensional diffusion of water, with 

increased diffusivity in areas of tissue injury21; the magnetization transfer ratio measures the 

transfer of magnetization between hydrogen atoms in tissue and hydrogen atoms in the 

surrounding water and is decreased in areas of tissue injury or loss24; and thinning of the 

cortical gray matter can be measured from MRI data.23 The optic nerve is also commonly 

injured in patients with multiple sclerosis, and this injury can be quantitated by determining 

the thickness of the retinal nervefiber layer on optical coherence tomography.25

Additional secondary end points included the progression of disability as measured by the 

EDSS score.16 Confirmed disability progression was defined as an increase in the EDSS 

score of at least 1.0 point from baseline (or an increase of ≥0.5 points for patients with a 

baseline EDSS score of >5.0) that was sustained for at least 20 weeks.

STATISTICAL ANALYSIS

Efficacy analyses were performed on data from the modified intention-to-treat population, 

which was defined as all the patients who underwent randomization, received at least one 
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dose of a trial regimen, and had at least one efficacy assessment after baseline. Safety 

analyses were performed on data from all the patients who received at least one dose of a 

trial regimen. Imaging end points were assessed for differences in rates of change between 

the trial groups over time with the use of linear mixed models, under an assumption that 

missing data were missing at random.26 Nonlinear models of change in brain volume over 

time did not perform as well as the linear model. Sensitivity analyses included the effects of 

covariates that were imbalanced at baseline and a per-protocol analysis, which included 

patients with no major protocol deviations and 75 to 125% adherence to the trial regimen 

and which used only data collected before any early discontinuation of the trial regimen.

Because the statistical analysis plan did not include a provision for correcting for multiple 

comparisons when tests were conducted for secondary or other end points, those results are 

reported as point estimates and 95% confidence intervals. The widths of the confidence 

intervals have not been adjusted for multiple comparisons and should not be used to infer 

definitive treatment effects for secondary end points. Safety and side-effect profile were 

assessed with the use of logistic and Poisson regression models that were adjusted for 

disease type and concurrent use or nonuse of immunomodulating therapy. The end point of 

20week confirmed disability progression according to the EDSS score was evaluated with 

the use of Cox proportional-hazards regression, with adjustment for disease type and 

concurrent use or nonuse of immunomodulating therapy. Betweengroup differences in 

baseline characteristics were analyzed with the use of Student’s t-test or a Wilcoxon rank-

sum test for continuous variables and a chi-square test or Fisher’s exact test for nominal 

variables. For details regarding the statistical analysis, see the Supplementary Appendix and 

statistical analysis plan (available with the protocol).

RESULTS

PATIENTS

Of 255 patients who underwent randomization, 129 were assigned to receive ibudilast and 

126 to receive placebo (Fig. S1 in the Supplementary Appendix). Baseline demographic and 

clinical characteristics were similar in the two trial groups except that the ibudilast group 

was younger and had lower transverse diffusivity (one measure of tissue disruption on 

diffusion tensor imaging) than the placebo group (Table 1). A total of 53% of the patients in 

the ibudilast group and 52% of those in the placebo group had primary progressive multiple 

sclerosis.

A total of 8 patients (6%) receiving ibudilast and 3 (2%) receiving placebo withdrew from 

the trial without at least one postbaseline MRI scan for efficacy assessment and were not 

included in the protocol-defined modified intention-to-treat population. Thus, 244 patients 

(121 in the ibudilast group and 123 in the placebo group) were included in the primary and 

major secondary imaging analyses. After 2 months of the intervention period, full target 

dosing (10 capsules per day) was achieved in 112 of 121 patients (93%) in the ibudilast 

group and 120 of 122 patients (98%) in the placebo group. A total of 108 of 129 patients 

(84%) in the ibudilast group and 112 of 126 patients (89%) in the placebo group completed 

the 96-week trial.
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END-POINT RESULTS

The estimated rate of change in the brain parenchymal fraction was −0.0010 per year with 

ibudilast (95% confidence interval [CI], −0.0016 to −0.0004) and −0.0019 per year with 

placebo (95% CI, −0.0025 to −0.0013) (Fig. 1). This represented an absolute difference of 

0.0009 per year (95% CI, 0.00004 to 0.0017; P = 0.04), or approximately 2.5 ml less brain-

tissue loss with ibudilast than with placebo over a period of 96 weeks, and a relative 

difference of 48%. The per-protocol analysis of the primary end point was consistent with 

the primary analysis (P = 0.03), as was a sensitivity analysis with adjustment for age at 

baseline (P = 0.03). The results of all other prespecified sensitivity analyses were in the 

same direction for the difference between the two groups.

The results of major secondary imaging end points are shown in Table 2. In analyses that 

were not adjusted for multiple comparisons, the 95% confidence intervals for the differences 

between trial groups overlapped zero, except for cortical thickness and magnetization 

transfer ratio. The hazard ratio for 20-week confirmed disability progression (as measured 

by the EDSS score) with ibudilast as compared with placebo was 0.74, with a 95% 

confidence interval overlapping 1.00 (Fig. 2).

SAFETY

The percentage of patients reporting an adverse event was 92% with ibudilast and 88% with 

placebo (P = 0.26) (Table 3). Adverse events with a higher incidence in the ibudilast group 

than in the placebo group (P≤0.10) were gastrointestinal symptoms (nausea, diarrhea, 

abdominal pain, and vomiting) and depression. The frequency of headaches (total number of 

headaches per unit of time) was higher in the ibudilast group than in the placebo group (P = 

0.09). There was no meaningful difference in the rates or types of infections between the 

trial groups. The percentage of patients reporting a serious adverse event was 16% with 

ibudilast and 19% with placebo (P = 0.46) (Table 3, and Table S1 in the Supplementary 

Appendix). There were no deaths and no opportunistic infections during the trial period.

The percentage of patients who withdrew from the trial was 16% with ibudilast and 11% 

with placebo (P = 0.24); a total of 8% and 4%, respectively, withdrew owing to adverse 

events (P = 0.21). A total of 71 patients discontinued the trial regimen because of either 

withdrawal from the trial or early cessation of the trial regimen (30% in the ibudilast group 

and 25% in the placebo group, P = 0.39). Of these, 29 patients withdrew from the trial but 

continued to receive the trial regimen up to the time of withdrawal, 6 withdrew from the trial 

after previously stopping the trial regimen, and 36 stopped the trial regimen early but 

continued follow-up within the trial. Of these 71 patients, 38 indicated that discontinuation 

of the trial regimen or withdrawal from the trial was due to one or more adverse events (18% 

in the ibudilast group and 12% in the placebo group, P = 0.18).

DISCUSSION

In this phase 2 trial involving patients with primary or secondary progressive multiple 

sclerosis, the progression of brain atrophy over a period of 96 weeks was slower with the 

small molecule ibudilast than with placebo. Although clinical trials in multiple sclerosis use 

Fox et al. Page 6

N Engl J Med. Author manuscript; available in PMC 2019 February 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



a variety of methods to measure brain atrophy, the 48% difference in atrophy progression 

favoring ibudilast in the current trial can be broadly compared with results from other trials 

in progressive multiple sclerosis — for example, 17.5% slowing of brain atrophy with 

ocrelizumab,27 15% slowing with siponimod,28 and 43% slowing with simvastatin.29 

Because the current trial did not make comparisons with these drugs, no conclusions can be 

made about relative effects on brain atrophy.

The rate of brain atrophy in the placebo group of our trial was less than the rate reported in a 

longitudinal study involving patients with secondary progressive multiple sclerosis30 that 

used the same method to measure brain atrophy. This difference may be explained by our 

patients being older and having a longer duration of disease than patients with progressive 

multiple sclerosis who were involved in previous trials27–29 and by the fact that nearly one 

third of our patients took either glatiramer acetate or interferon beta-1, agents that slow 

progression of brain atrophy, or it may represent the play of chance in different patient 

populations among studies.

The clinical effect of slowing the progression of brain atrophy in progressive multiple 

sclerosis is not well understood, which makes the clinical relevance of our findings 

unknown. The decline in disability progression was similar in the two trial groups over a 

period of 96 weeks in the current trial.

For the additional secondary imaging end points, the 95% confidence intervals of the 

difference in slopes of change between trial groups did not include zero for the 

magnetization transfer ratio and cortical atrophy, although the analyses were not adjusted for 

multiple comparisons, which limits their interpretation. Although measures of cortical 

atrophy are similar conceptually to measures of whole-brain atrophy, post hoc analysis in 

our trial showed a correlation of 0.41 between them, which suggests that these two measures 

have a limited quantitative association.

Gastrointestinal symptoms were the most common adverse events with ibudilast. Depression 

was more common with ibudilast than with placebo, but there were no reports of suicidality 

or suicide. Rates of discontinuation of the trial regimen or of the trial were 5 to 6 percentage 

points higher with ibudilast than with placebo.

The best outcome metrics for phase 2 trials in progressive multiple sclerosis have not been 

established. Whole-brain atrophy is commonly used in clinical trials10 but is limited by its 

slow change over time, physiologic variability (i.e., changes with hydration31), and the fact 

that it provides only one value per patient per time point. This trial provides data from five 

advanced imaging metrics that may contribute to the methods in future trials of progressive 

multiple sclerosis.

In conclusion, this phase 2 trial in progressive multiple sclerosis showed slower rates of 

overall brain atrophy with ibudilast than with placebo. The drug was associated with 

gastrointestinal and other side effects. Further trials are needed to identify whether the effect 

on brain atrophy is reproducible and is associated with slowed progression of neurologic 

disability.

Fox et al. Page 7

N Engl J Med. Author manuscript; available in PMC 2019 February 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Change in Whole-Brain Atrophy.
Panel A shows the change in whole-brain atrophy in each trial group as derived from a linear 

mixed model. Change was measured according to the mean brain parenchymal fraction 

between baseline and week 96 with the use of all available data. The inset shows the same 

data on an enlarged y axis, with shaded areas indicating 95% confidence intervals of the 

estimated slope. Panel B shows box-and-whisker plots of change in whole-brain atrophy at 

each time point. The upper and lower edges of the boxes correspond to the 75th and 25th 

percentiles, respectively. Within the boxes, the circles (for placebo) and plus signs (for 

ibudilast) correspond to the mean and the horizontal lines correspond to the 50th percentile 

(median). The upper and lower ends of the whiskers correspond to the highest value within 

1.5 times the interquartile range of the 75th percentile and the lowest value within 1.5 times 

the interquartile range of the 25th percentile, respectively. The circles and plus signs outside 
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the whiskers indicate outliers. In both panels, the black dashed horizontal line represents a 

value of no change in the brain parenchymal fraction.
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Figure 2. Disability Progression That Was Sustained for at Least 20 Weeks.
In this analysis, progression of disability was measured according to the score on the 

Expanded Disability Status Scale (EDSS; range, 0 to 10 in 0.5-point increments, with higher 

scores indicating more disability) with the use of Cox proportional-hazards regression. 

Confirmed disability progression was defined as an increase in the EDSS score of at least 

1.0 point from baseline (or an increase of ≥0.5 points for patients with a baseline EDSS 

score of >5.0) that was sustained for at least 20 weeks. Shaded areas indicate 95% 

confidence intervals. Tick marks indicate censored data. The estimated number of patients at 

risk for disability progression in each group at each time point is given below the graph.
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Table 1.

Baseline Demographic and Clinical Characteristics.*

Characteristic Placebo (N = 126) Ibudilast (N = 129)

Age — yr 57±7 55±8

Female sex — no. (%) 69 (55) 67 (52)

Race — no. (%)†

    White 114 (90) 122 (95)

    Black 7 (6) 4 (3)

    Other 1 (1) 3 (2)

    Unknown or not reported 4 (3) 0

Hispanic ethnic group — no. (%)† 3 (2) 4 (3)

Primary progressive disease — no. (%) 66 (52) 68 (53)

Use of injectable immunomodulating therapy — no. (%) 40 (32) 40 (31)

    Glatiramer acetate 24 (19) 19 (15)

    Interferon beta-1 16 (13) 21 (16)

Duration of disease — yr

    Median 9 11

    Range 0–36 0–41

EDSS score‡

    Median 6.0 6.0

    Range 3.0–7.0 2.5–6.5

Timed 25-ft walk — sec

    Median 9.93 9.35

    Range 3.60–180.00 4.05–73.50

9-Hole peg test — sec

    Median 30.31 28.68

    Range 16.58–201.88 17.58–171.73

Symbol Digit Modalities Test — no. of correct answers§ 41.67±14.04 43.41±14.62

Low-contrast visual acuity test — no. of correct answers¶ 26.85±12.78 29.09±12.53

Brain parenchymal fraction 0.80±0.03 0.80±0.03

Volume of lesions on T2-weighted images — cm3 10±11 10±11

Magnetization transfer ratio in normal-appearing brain tissue — normalized units‖ 0.31±0.31 0.29±0.25

Cortical thickness — mm 3.03±0.22 3.04±0.23

Longitudinal diffusivity on diffusion tensor imaging — 10−3 mm2/sec 1.24±0.05 1.25±0.06

Transverse diffusivity on diffusion tensor imaging — 10−3 mm2/sec 0.56±0.04 0.55±0.04

Thickness of the retinal nerve-fiber layer — μm** 81.15±13.15 83.15±10.81

*
Plus–minus values are means ±SD. There were no significant differences (P>0.05) between the two groups except for age (P = 0.02) and 

transverse diffusivity on diffusion tensor imaging (P = 0.04). The P value for continuous variables was calculated with Student’s t-test, except the 
comparisons for duration of disease, score on the Expanded Disability Status Scale (EDSS), timed 25-foot (7.6 m) walk, and 9-hole peg test, which 
were made with a Wilcoxon rank-sum test. The P value for nominal variables was calculated with a chi-square test, except the comparisons for race 
and Hispanic ethnic group, which were made with Fisher’s exact test.
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†
Race and ethnic group were reported by the patients.

‡
Scores on the EDSS range from 0 to 10 in 0.5-point increments, with higher scores indicating more disability.

§
Scores on the Symbol Digit Modalities Test range from 0 to 110, with higher scores indicating higher cognitive performance.

¶
Scores on the low-contrast visual acuity test range from 0 to 60, with higher scores indicating greater ability to read small letters on a 2.5% low-

contrast eye chart.

‖
Data on the magnetization transfer ratio were not available for one patient in the placebo group and two patients in the ibudilast group.

**
Values for the thickness of the retinal nerve-fiber layer were the mean of the left and right eye measures. When measures from both eyes were 

unavailable, the value for the one available eye was used. Data on the thickness of the retinal nervefiber layer of both eyes were missing for four 
patients in the placebo group and five patients in the ibudilast group.
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Table 2.

Primary and Major Secondary End Points over a Period of 96 Weeks.*

End Point Placebo Ibudilast Difference (95% CI)

estimated annual rate of change over 96-wk period (95% CI)

Primary end point: brain parenchymal fraction −0.0019
(−0.0025 to −0.0013)

−0.0010
(−0.0016 to −0.0004)

0.0009

(0.00004 to 0.0017)†

Major secondary end points

    Transverse diffusivity in corticospinal tracts — 
10−3 mm2/sec

0.0015
(−0.0013 to 0.0043)

−0.0015
(−0.0043 to 0.0014)

−0.0029
(−0.0069 to 0.0010)

    Longitudinal diffusivity in corticospinal tracts — 
10−3 mm2/sec

−0.0007
(−0.0039 to 0.0025)

0.0001
(−0.0032 to 0.0033)

0.0008
(−0.0037 to 0.0053)

    Magnetization transfer ratio in normal-appearing 
brain tissue

−0.0282
(−0.0469 to −0.0095)

−0.0051
(−0.0242 to 0.0139)

0.0231
(0.0003 to 0.0458)

    Retinal nerve fiber layer — μm −0.2630
(−0.5973 to 0.0714)

0.0424
(−0.3091 to 0.3939)

0.3054
(−0.1786 to 0.7893)

    Cortical thickness — mm −0.0105
(−0.0146 to −0.0065)

−0.0019
(−0.0061 to 0.0022)

0.0086
(0.0028 to 0.0144)

*
Because the statistical analysis plan did not include a provision for correcting for multiple comparisons when tests were conducted for secondary 

or other end points, results are reported as point estimates and 95% confidence intervals. The widths of the confidence intervals have not been 
adjusted for multiple comparisons and should not be used to infer definitive treatment effects for secondary end points.

†
P = 0.04.
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Table 3.

Adverse Events, Trial Discontinuation, and Serious Adverse Events.*

Event Placebo
(N = 126)

Ibudilast
(N = 129)

P
Value

no. of patients (%)

Any adverse event 111 (88) 119 (92) 0.26

Gastrointestinal event

    Abdominal pain 0 6 (5)† 0.03

    Abdominal pain, upper 0 5 (4)† 0.06

    Diarrhea 9 (7) 21 (16)† 0.03

    Nausea 19 (15) 35 (27)† 0.02

    Vomiting 3 (2) 9 (7)† 0.10

Fatigue 11 (9) 14 (11) 0.57

Infection

    Skin infection 7 (6)† 1 (1) 0.06

    Upper respiratory tract infection 24 (19)† 13 (10) 0.05

    Urinary tract infection 41 (33) 35 (27) 0.34

Fall 20 (16) 29 (22) 0.18

Musculoskeletal event

    Back pain 15 (12) 10 (8) 0.27

    Neck pain 4 (3)† 0 0.06

    Pain in the arms or legs 13 (10)† 5 (4) 0.05

Headache 15 (12) 23 (18)‡ 0.19

Psychiatric event

    Depression 4 (3) 12 (9)† 0.05

    Insomnia 11 (9) 14 (11) 0.57

Withdrawal from the trial

    For any reason 14 (11) 21 (16) 0.24

    Owing to adverse event 5 (4) 10 (8) 0.21

Serious adverse event 24 (19) 20 (16) 0.46

*
Shown are adverse events with an incidence of more than 10% in either group or a difference in incidence between groups (P≤0.10).

†
The incidence was higher than that in the other group (P≤0.10).

‡
The frequency of headaches (total number of headaches per unit of time) was higher in the ibudilast group than in the placebo group (P = 0.09).
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