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Abstract

Background—Primary and secondary progressive multiple sclerosis (MS), collectively called 

progressive multiple sclerosis (PMS), is characterized by gradual progression of disability. The 

current anti-inflammatory treatments for MS have little or no efficacy in PMS in the absence of 

obvious active inflammation. Optimal biomarkers for phase II PMS trials is unknown. Ibudilast is 

an inhibitor of macrophage migration inhibitor factor and phosphodiesterases-4 and -10 and 

exhibits possible neuroprotective properties. The goals of SPRINT-MS study are to evaluate the 

safety and efficacy of ibudilast in PMS and to directly compare several imaging metrics for utility 

in PMS trials.

Fox et al. Page 2

Contemp Clin Trials. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Methods—SPRINT-MS is a randomized, placebo-controlled, phase II trial of ibudilast in patients 

with PMS. Eligible subjects were randomized 1:1 to receive either ibudilast (100 mg/day) or 

placebo for 96 weeks. Imaging is conducted every 24 weeks for whole brain atrophy, 

magnetization transfer ratio, diffusion tensor imaging, cortical brain atrophy, and retinal nerve 

fiber layer thickness. Clinical outcomes include neurologic disability and patient reported quality 

of life. Safety assessments include laboratory testing, electrocardiography, and suicidality 

screening.

Results—A total of 331 subjects were enrolled, of which 255 were randomized onto active study 

treatment. Randomized subjects were 53.7% female and mean age 55.7 (SD 7.3) years. The last 

subject is projected to complete the study in May 2017.

Conclusion—SPRINT-MS is designed to evaluate the safety and efficacy of ibudilast as a 

treatment for PMS while simultaneously validating five different imaging biomarkers as outcome 

metrics for use in future phase II proof-of-concept PMS trials.

Keywords

Clinical Trial; Ibudilast; Progressive Multiple Sclerosis; Magnetic Resonance Imaging

Background

Multiple sclerosis (MS) is a chronic demyelinating disease affecting the brain, spinal cord, 

and optic nerves. The precise etiology of MS is still unknown, although several pathological 

processes including inflammation, demyelination, and axonal damage contribute to the 

disease manifestations. MS most commonly starts as an episodic disorder called relapsing 

remitting MS (RRMS), with the majority of untreated patients eventually developing 

gradually progressive disability, which marks the secondary progressive form of MS 

(SPMS).1 About 15% of patients do not have initial phase of episodic relapses and instead 

present with gradually progressive disability, which is a form of MS called primary 

progressive MS (PPMS). Together, SPMS and PPMS comprise progressive multiple 

sclerosis (PMS) which affects about 1 million people worldwide.2

While there are multiple disease modifying therapies (DMT) for RRMS, no effective therapy 

is currently available for PMS in the absence of obvious active inflammation. Treatment of 

PMS is therefore primarily limited to symptomatic and supportive care, making PMS a 

significant unmet clinical need in neurologic care.

Ibudilast is a small molecule phosphodiesterase inhibitor which is currently approved in 

Japan and other Asian countries for treatment of asthma and post-stroke symptoms at a 20–

30 mg/day dosage. While ibudilast is not yet approved outside of Asia, development is 

ongoing for neurological conditions including MS, neuropathic pain, and drug addictions.3–6 

Ibudilast penetrates the CNS well and selectively inhibits the pro-inflammatory cytokine 

macrophage migration inhibitory factor (MIF)7 and certain cyclic nucleotide 

phosphodiesterases at clinically relevant plasma and CNS concentrations.8 Both systems 

have been implicated in neurodegeneration and disease progression in animal models and 

their inhibition leads to neuroprotective effects.9–15 The potential neuroprotective effects of 
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ibudilast were suggested in a phase II trial in RRMS, where it slowed the progression of 

brain atrophy and decreased the proportion of gadolinium-enhancing lesions converting into 

T1 black holes.3 Taken together, the potential neuroprotective effects of ibudilast makes it an 

attractive candidate therapy for PMS.

Development of effective therapies for PMS has been limited by the lack of validated 

biomarkers for use in Phase II trials. Currently, whole brain atrophy (WBA) is the most 

widely utilized outcome measure for phase II PMS trials.16,17 WBA can be detected at all 

stages of MS disease and represents a summation of the destructive pathologic processes in 

MS. Many studies show significant correlations between WBA and overall clinical 

disability, cognitive impairment,18–22 depression,23 fatigue,24,25 and quality of life.26,27 

However, WBA is a relatively crude measure of overall brain injury, lacking granularity to 

characterize localized injury.

Better metrics of MS injury are needed to screen potential therapies for PMS. Candidate 

markers should correlate with tissue injury, be dynamic over the course of disease, and be 

easily implemented in a standardized fashion in multi-centered clinical trials. Potential 

metrics include a few novel MRI measures (magnetization transfer ratio (MTR), diffusion 

tensor imaging (DTI), and cortical atrophy) and optical coherence tomography (OCT), 

which is a non-invasive imaging tool for measuring retinal nerve fiber layer (RNFL) 

thickness in the retina.

Methods

The NeuroNEXT 102 (NN102)/Secondary and Primary pRogressive Ibudilast NeuroNEXT 

Trial in Multiple Sclerosis (SPRINT-MS) is a randomized, placebo-controlled, Phase II 

clinical trial evaluating the effect of ibudilast and assessing the utility of other imaging 

biomarkers in PMS.

Study Organization

The clinical trial is a collaborative study conducted by the Network for Excellence in 

Neuroscience Clinical Trials (NeuroNEXT). Started in 2011, NeuroNEXT is an initiative of 

the National Institute of Neurological Disorders and Stroke (NINDS) designed to accelerate 

development of therapies for neurological diseases through partnerships with academic 

institutions, non-profit organizations, and industry. The core of NeuroNEXT comprises a 

Clinical Coordinating Center (CCC, which is located at the Massachusetts General Hospital, 

Boston, MA), a Data Coordinating Center (DCC, which is located at the University of Iowa, 

Iowa City, IA), and 25 academic medical centers across the US. Central to the function of 

NeuroNEXT is external peer-review to ensure high quality scientific rigor; centralized ethics 

oversight, which is provided through the Central Institutional Review Board (CIRB) at 

Massachusetts General Hospital; a single master clinical trial agreement for each 

participating clinical site, through which all NeuroNEXT trials at that site are contracted; 

and operational support by the NINDS. Details about NeuroNEXT structure have been 

published previously.28 Funding for the SPRINT-MS trial is primarily through a competitive 

peer-reviewed grant issued by the NINDS, with additional funding provided by the National 

MS Society and Medicinova, which holds intellectual property rights to ibudilast.
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Overall Trial Design

The primary objective of SPRINT-MS is to evaluate the safety, tolerability, and activity of 

ibudilast (100 mg/day taken orally) compared to placebo in subjects with PMS. The trial is 

designed as a multicenter, randomized, double-blind, placebo-controlled, parallel-group 

study. Participants recruited into the study were required to have a confirmed diagnosis of 

either PPMS or SPMS. Concomitant treatment with injectable MS therapies interferon-β1 or 

glatiramer acetate (any of each) were allowed. A total of approximately 250 male and female 

subjects from 21 to 65 years old, inclusive, were planned to be randomized to ibudilast or 

placebo. The study consisted of a screening phase during which subjects were assessed for 

eligibility (Table 1) over 45 days, followed by a 96 week treatment phase where eligible 

subjects were randomized to one of two treatment groups: ibudilast 100 mg/d in two or three 

divided doses, or matching placebo, in a 1:1 ratio. Efficacy is assessed every 24 weeks using 

imaging and clinical assessments (Figure 1). All subjects were invited to participate in 

optional annual lumbar punctures to collect cerebrospinal fluid (CSF) for biomarker 

assessments.

Trial Governance

The study was proposed by the PI (RJF) to the NeuroNEXT network and subsequently 

underwent review by the NeuroNEXT network, NINDS Extramural Science Committee, and 

external peer review. The study protocol was developed by a Protocol Working Group, 

which included a patient advocate (includes RJF, CSC, MEC, ECK, KB, DE, RC). 

Following funding, a Protocol Steering Committee (RJF, CSC, MEC, TG, AG, ECK, KM, 

MM, RC, and RN) was formed and maintained for the duration of the trial, which also 

included the patient advocate. The NeuroNEXT Executive Committee and NINDS program 

staff provide ongoing external oversight to the study. Of the 25 network sites comprising 

NeuroNEXT, 23 requested to participate in the trial, with only the two pediatric sites not 

participating. Some NeuroNEXT sites comprise multiple medical centers. In total, 27 

NeuroNEXT medical centers requested to participate in the study, along with Cleveland 

Clinic as an ad hoc participating center.

Ibudilast Dose Rationale

The dosage of 100 mg/day (50 mg orally twice a day, but could be spread to across three 

dosing intervals if needed for tolerability) of ibudilast was chosen based on both preclinical 

and clinical data. In vitro studies on microglial-induced neuronal cell death and MIF 

inhibition have shown a dose-dependent neuroprotective role for ibudilast.7,29 A dose-

dependent benefit of ibudilast was observed in a study of experimental autoimmune 

encephalomyelitis in Dark August rats,30 rat nerve ligation and spinal cord injury models,31 

and cerebral aneurysm induction models.15 Furthermore, a dose-dependent benefit of 

ibudilast was observed on brain atrophy and T1 hole conversion in a Phase II RRMS trial 

using 30–60 mg/d.16 Completed phase 1 clinical trials in pain and substance dependence 

have demonstrated good tolerability of 80–100 mg/d with no significant safety signals at this 

dose (NCT01217970, NCT01389193, NCT02025998).32 To improve tolerability and reduce 

adverse effects, a 8 week dose titration was outlined, with allowance to modify daily dose to 

60mg/d, 80 mg/d, and 100mg/d over the first 8 weeks at the treating neurologist’s discretion. 
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After 8 weeks of treatment, the subject was required to maintain a stable dose of ibudilast/

placebo. Temporary study medication suspensions were allowed over the course of the study 

as thought appropriate by the treating neurologist and were also prescribed for specific 

laboratory abnormalities.

Eligibility

Inclusion criteria specified male or female subjects age 21 to 65 (inclusive), diagnosis of 

either PPMS or SPMS according to the 2010 International Panel Criteria,33 on either no MS 

disease modifying therapies or receiving glatiramer acetate (GA) or interferon beta (IFNβ-1a 

or IFNβ-1b); able to walk 25 feet either with or without an assistive device (Expanded 

Disability Status Scale [EDSS] 6.5 or less), and having clinical evidence of disease 

progression over the previous two years as measured by increase in EDSS, or 20% slowing 

in either 25-foot timed walk, or 9-hole peg test. For EDSS progression, retrospective 

documentation according to patient history or clinical notes was allowed. Full inclusion and 

exclusion criteria are outlined in Table 1. Written informed consent was obtained from all 

participants.

Intervention

After a screening phase of up to 45 days, the double-blind treatment phase consisted of a 

baseline visit followed by 11 scheduled clinic visits. Subjects who met eligibility were 

randomized 1:1 to either ibudilast 100mg/d or placebo (matching capsules). Randomization 

was stratified according to disease status (primary or secondary progressive MS) and by use 

of immunomodulating therapy (yes or no). A list of random treatment assignments was 

generated for each strata using randomized block methods. Block sizes of four and six were 

randomly chosen and within each block treatment assignments were randomly generated in 

a 1:1 fashion. Kits of study medication (both placebo and ibudilast) were assigned random 

ID numbers and linked to treatment assignment. Only unblinded study statisticians and IT 

personnel at the DCC and personnel at the central pharmacy had access to the treatment 

assignments and medication kit ID numbers. All other study personnel and subjects were 

blinded to treatment assignments.

Following a 4- to 8-week dose titration, subjects will continue on study medication for a 

total of 96 weeks. Safety assessments are conducted every 4 weeks for the first 12 weeks, 

then every 12 weeks for the remainder of the study, plus a safety visit 4 weeks after 

treatment completion. Clinical and imaging efficacy assessments are conducted every 24 

weeks. The schedule of events is shown in Figure 1 and a list of scheduled assessments is 

shown in Table 2.

Study Objectives and Endpoints

The primary objectives are to evaluate the safety, tolerability and activity of ibudilast (100 

mg/d) versus placebo administered orally in subjects with PMS. The primary outcome is 

change in whole brain atrophy as measured by Brain Parenchymal Fraction (BPF) over 96 

weeks (Table 3).34
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The main secondary outcomes are the activity of ibudilast at 96 weeks using advanced 

imaging measures DTI, MTR, OCT, and cortical atrophy. Additional secondary outcomes 

include MRI measures of inflammatory disease activity (T2 lesions and T1 black holes), 

clinical disability, cognitive impairment, Quality of Life, and neuropathic pain (Table 3). 

Two standard, validated measures of clinical disability - the Expanded Disability Status 

Scale (EDSS) and the modified 4-parameter Multiple Sclerosis Functional Composite 

(MSFC-4) - were chosen to evaluate potential clinical efficacy as well as to provide clinical 

measures for validation of the advanced imaging metrics. The MSFC-4 components in this 

trial are 25-foot timed walk, 9-hole peg test, Symbol Digit Modality Test (SDMT, which 

replaced the Paced Auditory Serial Addition Test previously used in the MSFC35), and the 

2.5% low contrast visual acuity test.36 Cognitive function is assessed using the SDMT, 

which measures sustained attention/information processing speed, and the Selective 

Reminding Test (SRT), which measures episodic verbal memory. Since ibudilast may have 

beneficial effects on pain, and neuropathic pain is common in MS, the Brief Pain Inventory 

(BPI) is also included. A blinded rater who is separate from the treating neurologist, 

performs EDSS. EDSS certification was provided by NeuroStatus (Basel, Switzerland), and 

MSFC/SDMT certification and SRT training were provided by Cleveland Clinic.

Ideally, a Phase II trial in PMS should be conducted over a shorter interval than 2 years. 

Accordingly, tertiary objectives include the assessment of BPF, DTI, MTR, OCT, and 

cortical atrophy at 48 weeks. Additional advanced imaging assessments will also be 

analyzed at 96 weeks (Table 3). The optimal brain atrophy measurement tool is not known. 

Therefore, whole brain atrophy using both BPF and SIENA will be assessed and compared. 

Exploratory analyses will evaluate pharmacokinetics (PK) of ibudilast using a population PK 

approach. Serum, plasma, and (in a subset of subjects who consented) CSF will be evaluated 

for biomarkers (i.e., neurofilament light chain) of both ibudilast activity and MS disease 

progression.

Imaging

The primary and main secondary outcomes for the study are imaging, which requires 

standardized image acquisition. Standard protocols were developed and implemented for 

MRI and OCT acquisition. Imaging is obtained during the screening period and then every 

24 weeks over the course of the 96-week study, for a total of five time points.

MRI—All MRIs are conducted using contemporary Siemens (Trio or Skyra) or GE (version 

12X or higher) 3T systems. The image acquisition includes 3D spoiled gradient-recalled 

echo; proton density weighted and T2 weighted 2D turbo/fast spin-echo; 2D T2-weighted 

FLAIR; 3D spoiled gradient-recalled echo with selective excitation, with and without 

magnetization transfer pulse; 64-direction high angular resolution diffusion imaging (twice 

refocused spin echo, single-shot EPI readout for Siemens Trio; Monopolar Plus for Siemens 

Skyra; Stejskal-Tanner single-shot EPI readout for GE). Gadolinium is not used both to 

allow more time for advanced imaging modalities and because it doesn’t add significantly to 

therapeutic outcome measures in PMS beyond new or enlarging T2 lesions.
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Scans are transmitted from each clinical site via a secure server to the primary imaging 

coordinating center (NeuroRx, Montreal, Canada), where overall MRI and MTR quality 

control is conducted. Images are then transmitted to the atrophy and DTI laboratories 

(Cleveland Clinic, Cleveland, OH), where additional quality control assessment is 

conducted. Common reasons to reject a scan include incorrect MRI acquisition parameters, 

incorrect head angle, and motion.

Scanner performance is monitored using monthly scans of the Biomedical Informatics 

Research Network (BIRN) phantom using an abbreviated imaging protocol. 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 are conducted on every study subject scan to ensure adequate 

acquisition of high quality images. Image acquisition and quality assurance is being 

overseen by a collaboration of three image analysis coordinating centers.

Optical Coherence Tomography—OCT is being obtained from all enrolled subjects 

using Zeiss Cirrus or Heidelberg Spectralis instruments. Sites are required to provide OCT 

consistently on the same instrument for the duration of the study. Five OCT scans are 

planned for each subject, at screening, week 24, week 48, week 72 and week 96. OCT 

analysis is being coordinated through a central OCT reading center, with specifications on 

agreement among certified graders who select from all available individual scans at each 

time point. Peripapillary and Macular scans are obtained using Optic Disc Cube 200 × 200 

and Macular Cube 512 × 128 respectively on Cirrus instruments, and Glaucoma RNFL 768 

× 496, Axonal RNFL-N 1536 × 496, and Posterior Pole 61 × 768 on Spectralis instruments. 

Scan quality parameters are as specified by the OSCAR-1B criteria and those scans with 

artifacts due to eye movement or blinking are excluded. The main OCT outcome is change 

in pRNFL thickness over the course of the trial. In addition, group analysis of total macular 

volume and ganglion cell/inner plexiform thickness (initial subanalysis only on scans from 

Zeiss Cirrus, followed by platform-agnostic segmentation in all subjects) is also planned.

Safety Assessments

Inclusion and exclusion criteria provided initial steps to ensure enrollment of only MS 

subjects who are otherwise relatively healthy. Screening evaluation included review of 

medical history, physical examination, laboratory testing, ECG, and administration of the 

Beck Depression Inventory Fast Screen (BDI-FS) to assess for severe depression. During the 

course of the trial, safety is assessed through interval clinical history, physical examination, 

laboratory testing, ECG, and suicidality screening. Safety assessments related to MS include 

neurologic assessments using the EDSS and MSFC, and clinical assessment of brain MRIs 

by a blinded central neuroradiologist. The treating neurologist is notified if ≥ 5 new or 

enlarging T2 lesions are observed by the central neuroradiologist.

Safety oversight is provided by an NINDS-appointed Independent Medical Monitor (IMM), 

an NINDS-appointed Data Safety Monitoring Board (DSMB), and the NeuroNEXT Central 

IRB. After 30 patients had been enrolled for at least 30 days, and again after 60 patients had 

been enrolled for at least 60 days, and at quarterly intervals thereafter, the IMM reviews 
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pooled (i.e., blinded to treatment) safety data provided by the DCC. At approximately six-

month intervals and additionally when considered necessary, the DSMB meets to review 

blinded safety data, including adverse events and serious adverse events (SAE). Alerts are 

provided to the treating neurologist for laboratory, ECG, suicidality, and MRI outcomes.

Statistical Methods

Analysis Populations—The population of inference is based on the modified Intent-to-

Treat (mITT) principle, meaning that all randomized subjects who receive at least one dose 

of study medication and have at least one efficacy assessment in the double-blind phase are 

analyzed. Subjects will be analyzed based on the treatment to which they are randomized. 

Within this population, the Per Protocol (PP) Population includes all mITT subjects who 

satisfy the following conditions: receive assigned study medication as randomized, have 

75% –125% compliance, and have no major protocol deviations that would be expected to 

impact data integrity, determined by a blinded data review.

Endpoint Analysis—All imaging endpoints will be statistically evaluated using linear 

mixed models (LMM)37 focusing on change over time. The primary analysis will be 

conducted using a mITT analysis. Since this is a phase II proof of concept study, the 

threshold for statistical significance will be set at the 0.10 level. To account for baseline 

imbalance due to randomization vagaries, the baseline group means (intercepts) in the 

statistical analysis will be constrained to be equal. Sensitivity analyses of brain atrophy will 

be conducted using brain atrophy as measured by SIENA and adjustment for covariates with 

potential impact on atrophy that were unbalanced among treatment groups.

The utility of advanced imaging metrics for measuring efficacy of putative PMS therapies 

will be identified using data collected simultaneously from the same patients over two years. 

A direct comparison of different atrophy measures, MTR, DTI, and OCT will be made for 

variability, sensitivity to change over time, cost, ease of implementation, and correlation 

with clinical measures. The clinical measures will include disability and patient-reported 

outcomes. In addition, an exploratory analysis will be conducted to correlate imaging 

changes over the initial 6–12 months with clinical changes over 2 years. A multivariate 

version of the LMM will be used to simultaneously model two response variables.38 This 

will allow the statistical comparison of the slopes, for example, of brain atrophy and a 

patient-reported outcome to see if they are changing similarly over time. Through these 

analyses, recommendations regarding the most robust and practical outcome for 

implementation in future phase II trials in PMS will be made, acknowledging that different 

PMS therapies may affect advanced imaging metrics differently.

Interim and Safety Analysis—One interim efficacy analysis will be performed for this 

study when half the subjects have completed 96 weeks follow-up. The Lan-DeMets 

spending function approach with O’Brien-Fleming stopping boundaries along with a formal 

futility assessment will be used.39,40 If predictive power is below 20% at the time of the 

interim analysis, then the trial will be stopped for futility.

The main assessment of safety will involve a comparison of treatment-related SAE’s across 

the two treatment groups. The percentage of subjects who experience any treatment-related 
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SAE in each group will be assessed by using a chi-square test, and the rates of treatment-

related SAE’s will be assessed using a Poisson regression model. Laboratory assessments 

over time across the two groups will be evaluated using a LMM. Adverse events will be 

further summarized by severity and by relationship to study drug. The summary will be 

limited to treatment-emergent AEs.

The safety analyses will be conducted using the mITT principle. Adverse events (AEs), 

discontinuation due to AEs, and serious adverse events (SAE) will be summarized by 

presenting, for each treatment group, the number and percentage of subjects with any AE, 

and AEs by system organ class and preferred term.

Sample Size Justification: Estimated required sample for the primary objective was 

computed based on published studies and our own pilot data using analytic formulas for 

LMM analysis.41 Using a different atrophy metric and only 2 time points, the ibudilast 

RRMS Phase 2 trial observed a 33%–36% slowing in brain atrophy.3 The pilot data 

(considered the control group) consisted of N = 36 RR- and SPMS participants with up to 3 

annual BPF measures from the same 3T scanner at the Cleveland Clinic. A treatment effect 

of 30%–50% reduction in atrophy progression was assumed, which is similar to a previous 

sample size estimation study.42 A 10% drop-out rate was assumed and sample sizes were 

inflated by this percentage. Based on these assumptions, a sample size of N =125 subjects 

per treatment arm provides power close to 80% for effects of 33% or larger (assuming a type 

I error rate of 0.10).

Results

Study Enrollment and Randomization

The study was registered on ClinicalTrials.gov on 29 October 2013 (NCT01982942). CIRB 

approval for the final protocol with FDA required amendments was obtained on 8 October 

2013. CIRB approval for the first site was obtained on 4 November 2013 and for the final 

site on 19 June 2014, a delay due to difficulties in bringing the site’s scanner into acceptable 

performance.

The first subject was enrolled on 5 November 2013, and randomized on 21 November 2013. 

The last study subject was enrolled on 30 April 2015 and randomized on 9 June 2015. 

Subjects were recruited from the MS practices at the individual study sites. In addition, the 

study was promoted by the National MS Society (NMSS) and National Public Radio (NPR). 

Study sites enrolled 3 to 27 subjects, and randomized 2 to 22 subjects. Average subject 

enrollment was 0.74 subjects per site per month over the course the study, according to each 

site’s specific open enrollment period (Figure 2).

Of 331 subjects enrolled, 76 failed screening (Figure 3, Table 4). Almost half failed 

screening due to laboratory abnormalities. Twelve (15.8%) failed screening because of 

inadequate baseline MRI (typically due to excessive motion). As an imaging-driven trial, 

with primary and most of the main secondary outcomes derived from MRI, inadequate 

baseline MRI was included in the exclusion criteria to help ensure interpretable outcome 

data. Seven (9.2%) failed screening due to severe depression as measured by the BDI-FS.
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255 subjects were randomized onto active treatment or placebo. Randomized subjects were 

53.7% female, mean age 55.7 y (±7.3), and mean EDSS 5.1 (±1.2) (Table 5). Randomized 

subjects were evenly split between PPMS and SPMS. 80 subjects (31.4%) were receiving 

treatment with IFNβ1 or glatiramer acetate at the time of screening. 90 of the randomized 

subjects (35.3%) opted to undergo lumbar puncture for the CSF sub-study. The last patient is 

projected to finish in May 2017

Discussion

The SPRINT-MS study was cooperatively developed and implemented by the NeuroNEXT 

network and is the first therapeutic trial to be conducted by the network. NeuroNEXT aims 

to accelerate the development of neurologic therapies through the efficient and effective 

conduct of clinical trials. Key aspects of NeuroNEXT include the prequalification of clinical 

sites, centralized ethics oversight, and master clinical trial agreements. Importantly, each site 

voluntarily opted to participate in the trial, affirmatively stating their interest and ability to 

enroll and conduct the trial at their site.

Study start-up in SPRINT-MS was very successful. Site surveys for general interest, clinical 

capabilities, and imaging facilities were conducted prior to funding submission using the 

network-funded infrastructure at each site. These surveys provided a clear understanding of 

site interest and capacity to conduct the trial. Centralized IRB oversight accelerated timely 

ethics approval at each site and overall trial start-up. All of the sites were academic medical 

centers, which traditionally have resisted centralized ethics oversight. However, each 

institution agreed to participate in central IRB prior to involvement in NeuroNEXT.49 

Delays in overall site activation were mostly due to problems with MRI certification, which 

was considered a worthy delay to help ensure the highest quality imaging data.

Site enrollment varied from 3 to 27 subjects, and randomization varied from 2 to 22 per site. 

Recruitment assistance by patient advocacy organizations such as the National MS Society 

and media such as National Public Radio seemed helpful in supporting recruitment although 

the relative effectiveness of these efforts is not known. Nonetheless, enrollment of 0.74 

subjects per site per month over the course of the study allowed for complete enrollment 

over 18 months. Enrollment rates from other MS studies are not easily obtained, although 

this rate appears faster than most comparable MS trials.

The baseline characteristics of the SPRINT-MS trial are comparable to other PMS trials in 

many ways (Table 5). The sex distribution is less heavily weighted towards women than 

what is seen across MS in general, but is similar to that seen in progressive MS cohorts,50,51 

including many other PMS trials (Table 5). The EDSS range for inclusion criteria was 

similar to other studies and resulted in an average EDSS that was similar to many PMS 

trials.

The maximum allowed age of 65 years is similar to many of the older PMS studies, but 

older than many of the more recent PMS trials. For example, ORATORIO, ASCEND, and 

EXPAND capped enrollment to between 55 and 60 years. Some trials limited disease 

duration. For example, INFORMS limited disease duration to 2–10 years, and ORATORIO 
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to 5–15 years. As a result, the average age at enrollment in SPRINT-MS is 55.8, which is 

quite a bit older than the 44.6 to 48.5 years in other contemporary PMS trials. The mean 

disease duration in the SPRINT-MS trial is about 12 years, which is higher than that reported 

in INFORMS and ORATORIO. However, when compared to ASCEND and EXPAND 

(neither of which specified disease duration in their enrollment criteria), the mean duration 

for SPRINT-MS is about 5 years shorter. Although average EDSS is similar to other trials, 

the baseline functional performance as measured by 25FW and 9HPT is on the slower end of 

all of the listed trials. The impact of studying an older and somewhat more impaired PMS 

patient population is not known, but may make it more difficult to detect a treatment effect 

by ibudilast due to normal aging and accumulated MS disease injury.

SPRINT-MS is designed to evaluate the safety and efficacy of ibudilast as a treatment for 

PMS while simultaneously validating five different imaging biomarkers as outcome metrics 

for use in PMS trials. Progress in development of an effective therapy for PMS has suffered 

from both a lack of a viable clinical therapeutic candidate and absence of a validated 

biomarker for use in proof-of-concept clinical trials. Preliminary clinical studies indicate 

that ibudilast may be a promising therapy for PMS, prompting the implementation of this 

multicenter phase II trial. This trial also provides an ideal platform to compare the advanced 

imaging metrics whole brain atrophy, MTR, DTI and cortical atrophy, as well as OCT, and 

evaluate their correlation with validated clinical measures. To our knowledge, the SPRINT-

MS trial is the first to use all five imaging metrics simultaneously in all patients enrolled in a 

multi-center clinical trial. The large sample size and 2 years of follow-up will provide an 

opportunity to conduct validation studies of the clinical relevance of changes in these 

imaging metrics. Comparing different imaging metrics simultaneously may identify the best 

modality for future PMS trials. The data may also identify a composite measure of multiple 

imaging modalities. However, there may not be a single ideal imaging modality for all PMS 

therapies, as different mechanisms of action may be measured differently across these 

imaging modalities.

The SPRINT-MS trial will also provide significant insights regarding the logistical 

challenges of implementing a highly advanced imaging protocol in a multi-centered clinical 

trial. In the past, metrics such as MTR and DTI have not been used routinely in multicenter 

studies, presumably due to the complexity involved in standardizing acquisition protocols, 

conducting ongoing QA assessments of scanner performance, and performing a robust 

centralized analysis. Additionally, high angular diffusion imaging is performed differently 

on each MRI platform, making the design of a harmonized imaging protocol challenging. 

This implementation has benefited from our previous experience harmonizing DTI 

acquisition across different imaging platforms.52,53 OCT data from different platforms also 

faces similar challenges in image acquisition and the combining of results across platforms, 

although previous studies have identified solutions to these challenges.54

An important aspect of the SPRINT-MS study is that while it is a 96 week trial, clinical and 

imaging endpoint assessments are conducted at 24, 48, and 72 weeks. These periodic 

assessments will allow us to determine the earliest time when treatment effects can be 

observed. Even if there is no beneficial effect of ibudilast, we can still utilize this dataset to 

conduct sample size estimates with each imaging modality for application to future PMS 
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clinical trials. Correlating the five imaging outcome metrics with validated measures of 

clinical disability such as the EDSS and MSFC will not only allow us to assess the 

concurrent validity of each metric, but also their predictive validity.

Conclusions

The SPRINT-MS trial will evaluate both the efficacy and safety of ibudilast, as well as 

directly compare five imaging metrics for use in Phase 2 trials of progressive MS. The 

SPRINT-MS trial will advance how clinical trials in PMS are conducted. Defining validated 

and robust imaging measures for PMS that are more sensitive and reliable than conventional 

MRI will potentially result in more rapid trial completion with fewer participants. A similar 

need for robust biomarkers exists for other neurodegenerative diseases, including 

Alzheimer’s disease, amyotrophic lateral sclerosis, Parkinson’s disease, and Huntington’s 

disease. Imaging metrics validated in this trial could potentially be used to characterize 

tissue injury in these other neurological conditions as well. By directly comparing leading 

candidate measures of brain tissue integrity, we will advance our ability to screen putative 

neuroprotective and neurorepairative therapies for potential efficacy through small, focused 

clinical trials, with potential applications across a broad range of neurodegenerative 

disorders.
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GA glatiramer acetate

IFN interferon

MIF migration inhibitory factor

MRI magnetic resonance imaging

MS multiple sclerosis

MTR magnetization transfer ratio

NINDS National Institute of Neurological Disorders and Stroke

OCT optical coherence tomography

PI principal investigator

RNA ribonucleic acid

RNFL retinal nerve fiber layer

RRMS relapsing-remitting multiple sclerosis

PMS progressive multiple sclerosis

PPMS primary progressive multiple sclerosis

SPMS secondary progressive multiple sclerosis

WBA whole brain atrophy
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Figure 1. 
A schematic of events scheduled at each study visit in the SPRINT-MS trial.
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Figure 2. 
Overall rate of enrollment (A) and randomization (B) in the SPRINT-MS trial.
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Figure 3. 
SPRINT-MS trial flow diagram (per CONSORT specifications).
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Table 1

Eligibility Criteria

Inclusion Criteria:

• Male or female subjects ≥ 21 and ≤ 65 years of age

• Confirmed diagnosis of SPMS or PPMS

• Typical MS lesions on MRI

• EDSS 3.0–6.5, inclusive

• Clinical evidence of disability progression in the preceding two years, as measured by any of the following (excluding 
progression during clinical relapses):

– worsening overall EDSS of at least 0.5 points (may be estimated retrospectively but cannot be 
during a clinical relapse) or

– 20% worsening in 25-foot walk (25-FW) or

– 20% worsening in 9-hole peg test (9-HPT) in either hand

• Existing multiple sclerosis pharmacotherapy status may include interferon-beta or glatiramer acetate or none (i.e., 
untreated)

• Females of childbearing potential as well as men must be willing to use appropriate contraception.

• Subject must be in good physical health on the basis of medical history, physical examination, and laboratory screening, 
as defined by the investigator

• Subject is willing and able to comply with the protocol assessments and visits, in the opinion of the study nurse/
coordinator and the Investigator.

Exclusion Criteria:

• Progressive neurological disorder other than SPMS or PPMS

• Relapse and/or systemic corticosteroid treatment within 3 months of screening. Inhaled or topical steroids are allowed

• Current use of intermittent systemic corticosteroids (i.e., monthly or bimonthly intravenous methylprednisolone)

• Use of oral immunosuppressants (e.g., azathioprine, methotrexate, cyclosporine, teriflunomide [Aubagio®]) within 6 
months of screening

• Use of mitoxantrone, natalizumab, or IVIg within 6 months of screening

• Use of fingolimod or dimethyl fumarate [Tecfidera®] within 3 months of screening

• Use of rituximab or other B-cell therapy within 12 months of screening

• Current use of other MS disease-modifying therapies (DMTs) besides glatiramer acetate, IFNβ-1 (any formulation), and 
the above listed medications

• Current use of cimetidine, cyclosporine, dronedarone, lopinavir, probenecid, quinidine (including Neudexta), 
ranolazine, rifampin, ritonavir, or tipranavir

• Clinically significant cardiovascular disease, including myocardial infarct within last 6 months, unstable ischemic heart 
disease, congestive heart failure or angina

• Resting pulse < 50 bpm, SA or AV block (Type II or greater), uncontrolled hypertension, or QTcF > 450 ms

• Clinically significant pulmonary conditions, including severe COPD, fibrosis, or tuberculosis

• Evidence of acute hepatitis, clinically significant chronic hepatitis, or evidence of clinically significant impaired hepatic 
function through clinical and laboratory evaluation including ALP > 1.5x ULN; ALT or AST > 2x ULN; GGT > 3x 
ULN

• Immune system disease (other than multiple sclerosis and autoimmune thyroid disease)

• History of stomach or intestinal surgery or any other condition that could interfere with or is judged by the Investigator 
to interfere with absorption, distribution, metabolism, or excretion of study drug

• Any significant laboratory abnormality which, in the opinion of the Investigator, may put the subject at risk and with the 
following laboratory abnormalities at screening:

– Creatinine: females > 0.95 mg/dL; males > 1.17 mg/dL

– WBCs < 3,000 mm3

– Lymphocytes < 800 mm3
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– Platelets < 90,000 mm3

• History of malignancy < 5 years prior to signing the informed consent, except for adequately treated basal cell or 
squamous cell skin cancer or in situ cervical cancer

• History of HIV (human immunodeficiency virus), clinically significant chronic hepatitis, or other active infection

• Subject currently has a clinically significant medical condition (other than MS) including the following: neurological, 
psychiatric, metabolic, hepatic, renal, hematological, pulmonary, cardiovascular (including uncontrolled hypertension), 
gastrointestinal, urological disorder, or central nervous system (CNS) infection that would pose a risk to the subject if 
they were to participate in the study or that might confound the results of the study

Note: Active medical conditions that are minor or well-controlled are not exclusionary if, in the judgment of the Investigator, they do not affect 
risk to the subject or the study results. In cases in which the impact of the condition upon risk to the subject or study results is unclear, the 
Medical Safety Monitor should be consulted

• Subjects with moderate to severe depression as determined by the Beck Depression Inventory-Fast Screen (BDI-FS)

• Subject has a history of alcohol or substance abuse (DSM-IV-TR criteria) within 3 months prior to screening or alcohol 
or substance dependence (DSM-IV-TR criteria) within 12 months prior to screening. The only exceptions include 
caffeine or nicotine abuse/dependence

• Subject has poor peripheral venous access that will limit the ability to draw blood as judged by the Investigator

• Subject is currently participating, or has participated in, a study with an investigational or marketed compound or device 
within 3 months prior to signing the informed consent

• Subject is unable to cooperate with any study procedures, unlikely to adhere to the study procedures and keep 
appointments, in the opinion of the Investigator, or was planning to relocate during the study

• Subject is unable to undergo MRI imaging because of having an artificial heart valve, metal plate, pin, or other metallic 
objects (including gun shots or shrapnel) in their body or is unable to complete all the five MRI scans required for this 
study.

• Subject is unable to lie sufficiently still in an MRI to obtain a high quality MRI image.
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Table 3

Endpoints and Measures.

Endpoints Measure

Primary Endpoint

Whole Brain Atrophy (WBA) Brain parenchymal fraction (BPF) analysis by MRI

Main Secondary Endpoints

Diffusion Tensor Imaging (DTI) DTI in descending pyramidal tracts

Magnetization Transfer Ratio (MTR) MTR in the normal-appearing brain tissue

Optical Coherence Tomography (OCT) Mean peripapillary retinal nerve fiber layer thickness

Cortical atrophy Cortical Longitudinal Atrophy Detection Algorithm

Additional Secondary Endpoints

Inflammatory Disease Activity • T1 lesion volume

• T2 lesion volume

• Annualized relapse rate

Disability • Expanded Disability Status Scale (EDSS)

• Multiple Sclerosis Functional Composite (MSFC)

Cognitive Impairment • Symbol Digit Modalities Test

• Selective Reminding Test

Quality of Life • Multiple Sclerosis Impact Scale (MSIS-29)

• EuroQol 5 Dimensions (EQ-5D),

• Short Form-36 Health Survey (SF-36)

Neuropathic Pain • Brief Pain Inventory (BPI)

Tertiary Endpoints

Activity of Ibudilast at 48 weeks • DTI in descending pyramidal tracts

• MTR imaging in normal-appearing brain tissue

• RNFL measured by OCT

• CLADA – measure cortical atrophy

Activity of Ibudilast at 96 weeks • Whole brain gray matter fraction

• MTR in gray matter

• New T1 and T2 lesions since baseline
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Table 4

Main reasons for screen failure

Abnormal laboratory results 44.7%

Unacceptable quality MRI 15.8%

Unwilling to comply with study procedures 13.1%

No documented disease progression 11.8%

Recent corticosteroid use 10.5%

Alcoholism or Depression 9.2%

Other reasons 6.6%

Note: total is >100% because some subjects had more than one reason
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