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Abstract

Background: Thalamic volume loss is known to be associated with clinical and cognitive 

disability in progressive multiple sclerosis (MS).

Objective: To investigate the treatment effect of Ibudilast on thalamic atrophy over 96 weeks in 

the phase 2 trial in progressive MS (SPRINT-MS).

Methods: 231 participants were randomized to either Ibudilast (n=114) or placebo (n=117). 

Thalamic volume change was computed using Bayesian Sequence Adaptive Multimodal 

Segmentation tool (SAMseg) incorporating T1, FLAIR, and fractional anisotropy maps and 

analyzed with a mixed-effects repeated-measures model.

Results: There was no significant difference in thalamic volumes between treatment groups. On 

exploratory analysis, participants with primary progressive multiple sclerosis (PPMS) on placebo 

had a 0.004% greater rate of thalamic atrophy than PPMS participants on Ibudilast (p = 0.058, 

95% CI −0.008 to <0.001). Greater reductions in thalamic volumes over 96 weeks were associated 

with worsening MSFC-4 scores (p = 0.002) and worsening performance on the SDMT (p<0.001).

Conclusion: In a phase 2 trial evaluating Ibudilast in progressive MS, no treatment effect was 

demonstrated in preventing thalamic atrophy. Participants with PPMS exhibited a treatment effect. 

Longitudinal changes in thalamic volume were related to worsening of physical and cognitive 

disability, highlighting this outcome’s clinical importance.
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Introduction

The thalamus is a deep gray matter (DGM) structure with extensive cortical and subcortical 

connectivity, existing as a relay center affected by the disease processes of multiple sclerosis 

(MS). The thalamus is comprised of multiple nuclei with specific functions ranging from 
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relaying motor and sensory information to regulation of consciousness and alertness. The 

pathogenesis of thalamic damage in MS includes iron deposition,1 demyelination,2 and 

axon transection3 which contribute to thalamic neurodegeneration and structural atrophy 

occurring in both early and late stages of disease.4 Thalamic atrophy may result from 

a combination of effects from Wallerian degeneration from white matter disease in 

thalamocortical projections and direct insult to the thalamus. A gradient of “subependymal 

in” thalamic neuronal loss potentially emanating from adjacent CSF is identified.5 Thalamic 

atrophy is prevalent in progressive multiple sclerosis (PMS),6, 7 and data have shown 

strong associations between thalamic atrophy, cognitive impairment,8 and clinical disability 

progression.9 In vivo evidence of microglial activation in the thalamus is recognized, 

potentially to a similar extent, in both secondary progressive MS (SPMS) and primary 

progressive MS (PPMS).10

Ibudilast is a small molecule with mechanisms of action related to non-selective 

phosphodiesterase inhibition, macrophage migration inhibitory factor downregulation, and 

toll-like receptor 4 inhibition.11–13 These mechanisms regulate Th1/Th2 balance and 

increase the natural killer T cell subset.11 Ibudilast penetrates the blood brain barrier 

and may inhibit microglial activation, an important aspect of PMS pathogenesis with 

predilection to the thalamus.14–16 While Ibudilast did not exhibit a robust effect in reducing 

newly active white matter lesions in a phase 2 trial in RRMS, it did exhibit an effect 

on reducing brain atrophy, suggesting a stronger neuroprotective than anti-inflammatory 

effect and providing rationale for studying Ibudilast in PMS.17 Thus, the hypothesis is that 

Ibudilast would exhibit primarily an intrinsic therapeutic effect on the thalamus, rather than 

a secondary effect as a result of reducing inflammatory activity in connected white matter 

projections.

In contrast to whole brain atrophy, measures of brain atrophy quantifying volumetric 

changes in specific brain structures that are preferentially affected by MS have potential 

to result in larger effect sizes, resulting in greater disease specificity and smaller sample 

size requirements for clinical trials.18–20 Robust, semi-automated techniques of thalamic 

segmentation incorporating diffusion MRI are under development to measure outcomes in 

MS and other diseases.21–24

In this study, we use patient-level clinical and MRI outcome data from the SPRINT-MS trial, 

a large phase 2 study of Ibudilast treatment in PMS over 96 weeks, to evaluate thalamic 

volume as an outcome of interest in MS clinical trials aimed at neuroprotection. Specifically, 

the aims of this study are 1) to evaluate the treatment effect of Ibudilast on longitudinal 

changes in thalamic atrophy, 2) to analyze differences in thalamic atrophy by PMS subtype, 

and 3) to investigate the association of thalamic atrophy measures with progression of 

disability and cognitive decline over 96 weeks. Based on our aims, we hypothesize Ibudilast 

treatment will demonstrate a neuroprotective effect on thalamic atrophy, there will be no 

differences in rates of thalamic atrophy between PMS subtypes (PPMS and SPMS), and that 

thalamic atrophy will be associated with measures of physical and cognitive disability.
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Methods

SPRINT-MS dataset

The SPRINT-MS data set and design has been described in detail previously.25 In brief it 

was a 96-week randomized controlled trial testing the effect of Ibudilast treatment on the 

primary outcome of whole brain atrophy by brain parenchymal fraction (BPF) in patients 

with PMS against placebo. The randomized sample included 255 participants (134 with 

PPMS and 121 with SPMS), of which 244 were included in their modified intention to treat 

primary analysis.

MRI acquisition and quality assurance

All MRIs were conducted using contemporary Siemens (Trio or Skyra) or GE (version 

12X or higher) 3T systems. Image data collection was standardized across 23 participating 

sites.26 Best practices for multi-center imaging acquisition were used in the SPRINT-MS 

study to ensure high quality imaging for analysis. Scanner performance was monitored 

using monthly scans of the Biomedical Informatics Research Network (BIRN) phantom. 

Imaging physicists visited every imaging site prior to subject enrollment to review the study 

scanning protocol and phantom scan acquisition. In addition to analysis of monthly phantom 

scans, quality assurance assessments were conducted on every study subject scan to ensure 

adequate acquisition of high-quality images.

MRI protocol

Cranial MRI scans were obtained at screening as well as weeks 24, 48, 72, and 96 of follow-

up using contemporary Siemens or GE 3T systems. The image acquisition included T1-

weighted (T1w) 3D spoiled gradient-recalled echo (TR=20ms, TE=6ms,1mm isotropic), 2D 

T2-weighted (T2w) Fluid-Attenuated Inversion Recovery (FLAIR, TR=9400ms, TE=77ms, 

TI=2500ms, slice thickness 3mm), and high angular resolution DTI (TR=8700ms, 

TE=80ms, b=700sec/mm2, slice thickness 2.5mm, 64 directions) that was utilized for this 

analysis. All DTI metrics showed good scan-rescan repeatability.27

Image processing

Images were preprocessed using tools from FreeSurfer (version 6.0, http://

surfer.nmr.mgh.harvard.edu), FMRIB Software Library (FSL version 6.0.0, https://

fsl.fmrib.ox.ac.uk), MATLAB (version 9.5, Natick, Massachusetts: The MathWorks Inc., 

2018b), and custom in-house software. The segmentation tool (SAMseg) was released in 

FreeSurfer version 7.1.0 and sourced from that version.

First, the standard FreeSurfer recon-all pipeline was run for each timepoint, using the T1w 

and T2w images. This data was then processed using the FreeSurfer longitudinal stream 

in order to create an unbiased within-template image.28 In short, this process iteratively 

aligns all timepoints to their median image with a robust, inverse consistent registration 

method,29 simultaneously co-registering all timepoints and creating a template image. 

Each timepoint is then initialized with common information from the template image, 

significantly increasing reliability and statistical power.28 Diffusion scans were corrected for 

motion and eddy current distortion using FSL, and dtifit was used to generate fractional 
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anisotropy (FA) maps.30 For each timepoint, T2w and B0 data were registered to the 

corresponding longitudinal T1w image using the FreeSurfer bbregister tool, which performs 

within-subject, cross-modal registration using a boundary-based cost function.31 FA maps 

were resampled to the longitudinal T1w image using the MRI vol2vol command.

Subsequently, the T1w, T2w, and FA data were combined using principal component 

analysis (PCA)32 to generate a single image known as an “Enhanced T1.” This image 

has several advantages as it maintains the anatomical clarity of the T1w image while 

incorporating FA data localizing white matter tracts and T2w data accurately outlining the 

cerebrospinal fluid. This results in greater contrast between white and gray matter, which 

improves the delineation of the lateral border of the thalamic wall from white matter tracts 

(Figure 1).

Brain segmentations were generated using the Enhanced T1 image as an input into the 

Bayesian FreeSurfer tool SAMseg.33 By reducing the dimensionality of the T1w, T2w, 

and FA data with principal component analysis, the “Enhanced T1” encodes information 

from the three channels without creating an imbalance between the log-prior and the 

log-likelihood in the objective function of the Bayesian segmentation. We previously 

conducted a preliminary analysis comparing several thalamic segmentation methods and 

found that SAMseg with “Enhanced T1” input was highly accurate.34 Longitudinal SAMseg 

has been shown to produce more reliable segmentations and detect disease effects better 

than the cross-sectional method. It does not make any prior assumptions on the scanner, 

MRI protocol, or the number and timing of longitudinal follow-up scans, making it well 

suited to this dataset. Segmentation-based total intracranial volume, ventricular volume, 

and total thalamic volume (TTV) were extracted directly from the SAMseg statistical 

output files from each timepoint for each subject. Brain parenchymal fraction, gray matter 

fraction, white matter fraction, and T2 lesion volume were determined at Cleveland Clinic 

Foundation (OH) and NeuroRx Research (Montreal, Canada) as trial primary and secondary 

outcomes as previously described.35

Clinical outcomes

Patient demographics (age, sex, ethnicity), MS disease characteristics (disease duration, MS 

subtype), and treatment group were obtained at baseline. Clinical disability and cognitive 

decline were measured at baseline and every 24 weeks thereafter. Functional disability 

measures included raw scores for the Expanded Disability Status Scale (EDSS), Timed 

25-Foot Walk (T25FW), 9-Hole Peg Test (9HPT), Low-Contrast Visual Acuity (LCVA), 

and the Multiple Sclerosis Functional Composite Score (MSFC-4). Cognitive disability was 

determined by the Symbol Digit Modalities Test (SDMT). Sustained disability progression 

(SDP) was defined as an increase in EDSS by 1 point that was sustained for at least 24 

weeks, or as an increase by 0.5 points if baseline EDSS was ≥ 5.5. Participants missing 

EDSS values were excluded from analysis.36

Study endpoints

The primary outcome was thalamic atrophy as determined by total thalamic volume (TTV). 

Secondary outcomes included relationships between thalamic atrophy and PMS subtype 
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(PPMS vs. SPMS), the effect of baseline TTV and change in TTV on SDP, and correlation 

between TTV and clinical and cognitive disability.

Statistical Analysis

All statistical analyses and visualizations were completed in RStudio Version 1.4.1106.37 

Analyses were conducted using auto-generated thalamic volumes from SAMseg as 

outcomes. First, we explored demographic and disease-measure differences between 

treatment groups using parametric Student’s T-tests and non-parametric Mann-Whitney 

U tests depending on whether the variable was normally distributed, or the normality 

assumption was not justified, respectively. We subsequently used a linear mixed effects 

model to analyze the longitudinal relationship between TTV, treatment group, and MS 

subtype over 96 weeks, as well as to identify any two-way interactions. Next, we performed 

an exploratory analysis using a mixed effects model with percent change in thalamic volume 

by MS subtype as the outcome. We then examined the relationship between baseline TTV 

as well as percent change of TTV and SDP using logistic regression models. Lastly, 

relationships between TTV and clinical and cognitive disability measures were explored 

both at baseline and over 96 weeks using linear regressions and mixed models, respectively. 

All mixed effects models in this study used a repeated measures analysis treating time 

as a continuous variable. Non-significant 3-way or 2-way interaction terms were removed 

from models unless otherwise noted. All analyses controlled for disease duration, age, 

sex, ethnicity, enrollment site, and normalized intracranial volume. Intracranial volume 

was normalized by centering and scaling by 100 in all models. Uncorrected p-values are 

reported, and the threshold for significance was obtained using the Bonferroni correction. 

Figures assumed a common intercept across treatment groups. Sensitivity models regarding 

outliers were evaluated and showed no change. Reference groups for dichotomous variables 

in all models were Ibudilast, PPMS, male sex, and Hispanic ethnicity; their comparison 

groups are shown in table parentheses.

Results

Baseline demographics and disease characteristics

231 of 244 participants were included in this study, as 13 had missing T1w, T2w and/or FA 

data at baseline. Their demographic and disease characteristics stratified by treatment group 

are shown in Table 1. There were no significant differences between treatment and placebo 

groups aside from the Ibudilast treatment group being slightly younger.

Figure 2 shows the trend in mean TTV of all study participants with MRI data at all 5 

timepoints (n = 168) over the course of 96 weeks. At baseline, the mean TTV was 10,482.95 

mm3. Volumes decreased by 19.87 mm3 (to 10,463.08 mm3) at week 24, 10.26 mm3 (to 

10,452.82 mm3) at week 48, and 11.77 mm3 (to 10,441.05 mm3) at week 72. Week 96 

volumes showed a slight increase by 11.42 mm3 (to 10,452.47 mm3).

Treatment effect of Ibudilast on thalamic atrophy

Linear mixed effects models were used to examine the atrophy of the thalamus over the 

96-week study period, including random intercepts for subjects. Mean TTV decreased by 
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0.188% annualized in the placebo group and 0.0146% annualized in the Ibudilast group. 

A 3-way interaction term between treatment group, time, and MS subtype was evaluated 

and found to be not significant. In the model including no interaction terms, both time 

and PPMS subtype were associated with significant decreases in total thalamic volume 

across all participants (Table 2). Notably amongst all participants, treatment group was not 

significantly associated with thalamic volume (p=0.842), however a small p-value of 0.105 

for the two-way interaction between treatment group and time, in a model that included the 

2-way interaction terms, prompted further investigation in an exploratory analysis.38

Differential rate of thalamic volume change by MS subtype

To better characterize the relationship between TTV and MS subtype by treatment group, 

we performed a subsequent analysis using a mixed effects model with percent change in 

thalamic volume by MS subtype as the outcome (Table 3). The interaction term between 

time and the PPMS placebo group approached significance (p = 0.058, CI −0.008 to 

<0.001). The difference between rates of thalamic atrophy between Ibudilast PPMS and 

placebo PPMS groups was −0.004% weekly, which represented a 0.21% greater thalamic 

volume loss in the PPMS placebo group each year (Figure 3). There were no remarkable 

differences in rates of thalamic atrophy between treatment groups in participants with 

SPMS.

Associations between thalamic volumes and sustained disability progression

We used a logistic regression model to analyze the relationship between baseline TTV 

and SDP (Table 4 Model 1). We used a separate logistic regression model to examine the 

relationship between the percent change of TTV over 96 weeks and SDP (Table 4 Model 2). 

There were no significant relationships between SDP and TTV at baseline (p = 0.833) or the 

change in TTV over course of the study (p = 0.571).

Differential effect of TTV on clinical and cognitive disability

Using multiple regressions, we found significant relationships between baseline TTV and 

clinical disability. Specifically, smaller TTV at baseline was associated on average with 

a lower MSFC-4 score (β = 0.120, p = 0.003) and significantly poorer performance on 

the SDMT (β = 3.878, p < 0.0001), indicating greater clinical and cognitive disability, 

respectively.

The significant relationships between baseline TTV and disability measures are visualized 

in Figure 4. Pearson correlation coefficients were also computed to further examine the 

relationship between TTV and disability measures with significant change. There was a 

positive correlation between TTV and MSFC-4, r(229) = 0.328, p = <0.001 as well as 

between TTV and SDMT, r(229) = 0.377, p = <0.001 (Figure 4). There were no significant 

relationships between baseline TTV and EDSS, T25FW, and 9HPT scores. Our analysis also 

revealed confounders affecting participant clinical and cognitive disability scores including 

sex and MS subtype (Supplemental Table 1). The adjusted R-squared for all models ranged 

between 45.3% to 5.7%.
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In addition to baseline TTV, we examined longitudinal associations between change in 

thalamic volume and changes in disability measures over the 96 weeks using mixed effects 

models. Similar to our baseline results, greater reductions in thalamic volumes over 96 

weeks were associated with worsening in MSFC-4 scores (β = 0.120, p = 0.002) and 

worsening performance on the SDMT (β = 4.295, p<0.001; Table 5). Changes in other 

disability measures were not associated with thalamic volumes over time. Notably, we found 

time to be associated with incremental worsening in EDSS, LCVA-25, T25FW, and MSFC-4 

(Table 5).

Discussion

Our evaluation of thalamic volumes in the SPRINT-MS trial showed no treatment effect of 

Ibudilast compared to placebo in preventing thalamic atrophy over 96 weeks. However 

an interaction between treatment and time trending towards significance prompted an 

exploratory analysis which showed a slower trajectory of thalamic atrophy in participants 

with PPMS receiving Ibudilast. Lastly, we found thalamic volume at baseline and reductions 

over 96 weeks were associated with poorer performance on clinical and cognitive disability 

outcome measures and worsening of those outcomes during the trial, highlighting the 

clinical significance of thalamic atrophy in PMS.

Although phase 3 randomized trials of Ibudilast in MS are limited to-date, phase 2 studies 

have previously shown Ibudilast to demonstrate neuroprotective potential with effect on 

whole brain atrophy in MS. In a phase 2 trial of relapsing MS, Ibudilast was associated with 

a dose-response reduction in whole-brain atrophy rate, while not demonstrating a strong 

anti-inflammatory effect on preventing newly active lesions.17 In the primary analysis of 

the SPRINT-MS trial in people with PMS, Ibudilast treatment was associated with a 48% 

decrease in BPF than treatment with placebo.25 While we measured a high relative reduction 

in the rate of thalamic atrophy for Ibudilast, this did not meet statistical significance. It 

is important to note that we excluded more participants than the primary study related to 

missing imaging data (primarily DTI), which limited power to detect a treatment effect. 

In addition, we observed a high degree of variability, both within subjects with volumetric 

measurements of the thalamus, and between subjects in the setting of neurodegeneration 

with PMS. Research methods to improve measurement error including higher resolution 

MRI scanning and automated analysis tools may decrease intra-subject variability and aid in 

the ability to detect true treatment effects. Assuming Ibudilast exerts a neuroprotective effect 

through reducing chronic inflammation in the innate immune response, it is not possible 

with the available data from this trial to assert whether that effect is greater in the cortical 

gray matter or deep gray matter structures such as the thalamus.

This trial enrolled both SPMS and PPMS participants using the same inclusion and 

exclusion criteria. Similar rates of deep gray matter atrophy in SPMS and PPMS has 

previously been reported in the literature with a slight increased rate of atrophy in PPMS.39 

In a post-hoc analysis of the original SPRINT-MS trial, Goodman et al. detected a greater 

treatment effect in the PPMS group compared to SPMS for BPF as well as cortical 

thickness.40 Our results appear in line with what was previously reported for other imaging 

outcomes in the same trial as it relates to disease phenotype, suggesting these volumetric 
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measures track together to some extent, both in relationship to treatment effect and in 

contrasting SPMS and PPMS subgroups. Although we found greater treatment effect in the 

PPMS group compared with SPMS in our exploratory analyses, these results should be 

validated in future studies given the high levels of variability of TTV in our sample and, 

hence, wide confidence internals of our estimates. Possible differences in biology between 

SPMS and PPMS to explain differential treatment effects cannot be ruled out but additional 

study in progressive MS trials enrolling both SPMS and PPMS participants are warranted.

Our findings align with another recent study by Arnold et al. that assessed the effect of 

ocrelizumab on thalamic volume as an outcome in PMS. That study found ocrelizumab 

contributed to a 35% reduction thalamic volume loss in PPMS that was sustained beyond 

the double-blind period.41 Measurement of thalamic volume was found to have the greatest 

effect size compared to whole brain, cortical gray matter, and white matter volume loss. 

Ocrelizumab’s mechanism action of B cell depletion results in a highly efficacious anti-

inflammatory effect. The participants in the PPMS ORATORIO study were on average 

10 years younger at the time of enrollment than SPRINT-MS, highlighting an important 

difference in baseline demographics. Given evidence that atrophy of the thalamus may be 

multifactorial with different mechanisms of atrophy being more prominent at different stages 

of in the disease course of MS, it is possible that ocrelizumab’s demonstrated effect on the 

thalamus may be more related to secondary effects on the thalamus from thalamocortical 

projections, rather than direct effects on the thalamus.

Our study demonstrates a cross-sectional association of thalamic atrophy with clinical and 

cognitive disability measures at baseline as well as a longitudinal association of changes in 

thalamic volume during the 96-week trial with changes in clinical and cognitive disability. 

This highlights the clinical importance of ongoing thalamic atrophy in PMS. However, we 

did not find a significant association of baseline thalamic atrophy as a predictor of future 

sustained disability progression determined by EDSS during the 96-week period. A similar 

lack of association between baseline thalamic volume and disability progression was also 

observed in the recently published evaluation of thalamic atrophy in the PPMS ORATORIO 

study.41 More investigation is needed to evaluate this relationship in PMS.

This study has a few limitations. In this study we used FA maps in an Enhanced T1 image 

to produce an automated thalamic segmentation with SAMseg. Although diffusion data 

provides useful information for segmentation, they are susceptible to EPI distortion. To 

obtain more structurally accurate diffusion-tensor imaging data, it would be beneficial to 

acquire a field map or reverse phase encoding b0 sequence in future studies.42 Future work 

is needed to determine the value of FA maps for improving thalamic segmentation. More 

studies are needed to determine the reproducibility and generalizability of our results as 

this was a post-hoc analysis and the trial was not specifically powered to evaluate thalamic 

volume changes. Suggestions for further research include the development and refinement 

of the production of accurate, automated thalamic segmentations incorporating FA maps, as 

well as investigation of atrophy in other deep gray matter structures in PMS.

In summary, while a therapeutic effect on thalamic volume was not demonstrated by 

Ibudilast in the SPRINT-MS study of PMS, there was support for continuing to develop 
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improvements in thalamic segmentation techniques to potentially reduce within subject 

variability that may confound trial results. Subgroup analysis suggested the effect was 

greater in PPMS and highlighted the overall clinical relevance of changes in thalamic 

volume in PMS on measures of physical and cognitive disability. The results of 

these analyses may be used to power future progressive MS studies with a focus on 

neuroprotection using the thalamus as an outcome.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Overview of Preprocessing Stream for a Single Timepoint. Row 1: Axial cranial MRI 

images in T1w, T2w, and DTI-generated FA map sequences at the level of the lateral 

ventricles from the same subject. Row 2: Axial Enhanced T1 image (left) was used as an 

input for longitudinal SAMseg to produce the axial segmentation (right). FA: fractional 

anisotropy; PCA: principal component analysis; SAMseg: Bayesian Sequence Adaptive 

Multimodal Segmentation tool.
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Figure 2. 
Boxplot of Total Thalamic Volume by Timepoint. Plot was produced using mean within-

subject’s total thalamic volume of all participants with MRI data from all 5 timepoints. 

Includes both treatment groups (Placebo n = 86, Ibudilast n = 82) and both MS subtypes 

(PPMS n = 90, SPMS n = 78). Compared to the intention to treat analysis, if a participant 

was missing any sequence that precluded the generation of an Enhanced T1 image, they 

were excluded from the 168 with data at all 5 timepoints. Due to missing data, 0 participants 

were excluded at baseline, 10 participants at week 24, 23 participants at week 48, 31 

participants at week 72, and 31 participants at week 96.
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Figure 3. 
Percent change of thalamic volume by MS subtype over 96 weeks estimated using an 

adjusted mixed effects model. 95% confidence intervals shown. PPMS: primary progressive 

multiple sclerosis; SPMS: secondary progressive multiple sclerosis.
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Figure 4. 
Results of adjusted multivariate linear regressions showing significant relationship between 

baseline thalamic volume and disability measures. SDMT: symbol digit modalities test; 

MSFC-4: multiple sclerosis functional composite. Scores on the Symbol digit modalities 

test range from 0–110 with higher scores indicating higher performance. Multiple sclerosis 

functional composite score is a cumulative z-score ranging from −1 to 1 with 0 indicating 

function at the level of the baseline mean of all participants.
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Table 4:

Results of two adjusted logistic regression models showing associations between thalamic volume and 

sustained disability progression. Baseline thalamic volume used in Model 1. Percent change in thalamic 

volume over 96 weeks used in Model 2. TTV: total thalamic volume. SPMS: Secondary progressive multiple 

sclerosis. OR: Odds ratio.

Logistic Regression: Thalamic Volumes and Sustained Disability Progression

Predictor Model 1 Model 2

Baseline thalamic volume
OR 1.00 -

P-value 0.83 -

% Change in TTV over 96 weeks
OR - 0.88

P-value - 0.57

Treatment Group (Placebo)
OR 1.17 1.20

P-value 0.74 0.70

MS subtype (SPMS)
OR 0.67 0.69

P-value 0.51 0.55

Disease Duration
OR 0.99 0.99

P-value 0.72 0.86

Age
OR 0.99 0.98

P-value 0.76 0.57

Sex (Female)
OR 1.29 1.17

P-value 0.64 0.78

Ethnicity (Not Hispanic)
OR 6.31E+07 7.94E+07

P-value 1.00 1.00

Intracranial Volume
OR 1.00 1.00

P-value 0.91 0.62
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