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Abstract

Background: The SPRINT-MS trial demonstrated benefit of ibudilast on brain atrophy over 

96 weeks in progressive MS. Optical coherence tomography (OCT) was performed in all trial 

participants.

Objective: Report the OCT results of the SPRINT-MS trial.

Methods: OCT was obtained at baseline and every 6 months using spectral domain OCT and 

analyzed by an OCT reading center. Change in each OCT outcome measure by treatment group 

was estimated using linear mixed models.

Results: Change in pRNFL thickness was +0.0424uM/year (95% CI: −0.3091 to 0.3939) for 

ibudilast vs. − 0.2630uM (95%CI −0.5973 to 0.0714) for placebo (n=244, p=0.22). Macular 

volume change was − 0.00503mm3/year (−0.02693 to 0.01688) with ibudilast vs. −0.03659mm3/

year (−0.05824 to −0.01494) for placebo in the Spectralis cohort (n=61, p=0.044). For the 

Cirrus cohort, macular volume change was −0.00040 mm3/year (−0.02167, 0.020866) with 

ibudilast compared to −0.02083 mm3/year (−0.04134 to −0.00033) for placebo (n=183, p=0.1734). 

Ganglion cell-inner plexiform layer thickness change, available from Cirrus, was −0.4893uM/year 

(−0.9132, −0.0654) with ibudilast vs. −0.9587uM/year (−1.3677, −0.5498) with placebo (n=183, 

p=0.12)

Conclusion: Retinal thinning in MS may be attenuated by ibudilast. Sample size estimates 

suggest OCT can be a viable outcome measure in progressive MS trials if a therapy has a large 

treatment effect.

NN102/SPRINT-MS ClinicalTrials.gov number, NCT01982942
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Introduction:

Ibudilast is an orally bioavailable molecule used in Asia for the treatment of asthma and 

post stroke complications, based primarily on its inhibition of several cyclic nucleotide 

phosphodiesterases1. Subsequent discoveries of effects on macrophage migration inhibitory 

factor 2 and toll-like receptor 43, potential nociceptive effects, and ability of ibudilast 

to cross the blood–brain barrier led to further investigation of potential central nervous 

system effects4. Ibudilast was initially evaluated in relapsing-remitting multiple sclerosis 

(MS) where it reduced brain volume loss in a dose dependent manner without reducing the 

occurrence of new focal inflammatory brain lesions, a dichotomy that led to hypotheses 

about a possible neuroprotective role for ibudilast in MS. There is an enormous unmet need 

for therapeutics in progressive MS, in which accumulation of neurological disability often 

proceeds unchecked 5.
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SPRINT-MS was a prospective, phase 2 trial in which people with primary or secondary 

progressive MS were randomized to ibudilast or placebo for 96 weeks, and evaluated with 

multimodal imaging. There was a 48% reduction of brain volume loss measured by brain 

parenchymal fraction, the primary outcome measure for the trial6. OCT was included as a 

key secondary outcome measure.

OCT has frequently been used as an outcome measure in multicenter clinical trials 

in ophthalmology, including multiple trials in macular degeneration, retinal vascular 

diseases, and glaucoma. In neurology, longitudinal cohort and pooled observational studies 

demonstrate that neuronal OCT parameters decline over time in MS, proportional to disease 

activity disability progression in MS. In particular the peripapillary RNFL (pRNFL), 

macular volume (MV) and ganglion cell-inner plexiform layer thickness (GCIP) are 

measures with relevance to MS, to monitor disease progression or evaluate for complication 

of MS therapies7. OCT has therefore become commonly available as a part of clinical 

care at tertiary care neurology sites, is relatively low cost, easy to perform, and associated 

with minimal additional burden during study visits. Challenges and key technical issues 

with planning and executing a multicenter clinical trial using OCT in neurology include 

compatibility and prevalence of devices by different manufacturers and need for a 

specialized OCT reading center8. SPRINT-MS represents the first time that OCT has been 

systematically incorporated as a secondary outcome measure, acquired within departments 

of neurology, in a multicenter clinical trial in progressive MS.

Methods:

Patients with either primary progressive MS (PPMS) or secondary progressive MS (SPMS) 

were enrolled at 28 sites in the United States, with central clinical coordination and 

data management as part of the Network for Excellence in Neuroscience Clinical Trials 

(NeuroNEXT) network. The SPRINT-MS study was approved by a central institutional 

review board and conducted in accordance with the International Council for Harmonisation 

guidelines for Good Clinical Practice and the Declaration of Helsinki. All patients provided 

written informed consent prior to screening. Complete trial design and primary outcome are 

previously published6,9.OCT outcomes were a mandatory part of the study protocol for all 

sites and all participants. OCT was performed at baseline, week 24, week 48, week 72 and 

week 96. Neither detailed visual history nor history of optic neuritis were collected as part 

of the study procedures, though relapse and/or systemic corticosteroid steroid treatment for 

multiple sclerosis within 3 months of screening was an exclusion criterion for enrollment in 

the study.

For the OCT component of the study, individual sites were certified by the central 

reading center as either a Zeiss Cirrus or Heidelberg Spectralis SD-OCT site based on 

the technology that they had available. Sites were required to become certified, and then 

use the same SD-OCT device for all study subject visits. All subjects at each site were 

scanned on the same scanner model, and no site changed scanner model during the trial. All 

technicians and research coordinators involved in OCT acquisition underwent training for 

the SPRINT-MS study via live webinar, and each site was supplied with an SD-OCT study 

procedures handbook and quick reference guide specific to the SPRINT-MS study and the 
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instrument that was used at each site. Individual OCT technologists (in some case research 

coordinators) were certified to perform the protocol-defined scan set on the SD-OCT for 

study. Each site was required to certify at least one or more OCT technologists. Certification 

consisted of each technologist submitting scans from two separate subjects (typically healthy 

volunteers) they had acquired using the study protocol and correctly uploading the images 

to the central reading center. Upon review of the certification images by reading center 

graders, the tech received either approval of certification or feedback on scan quality with 

instructions to resubmit updated examples. Each individual OCT technologist was registered 

with the reading center, but devices were not certified separately.

For Cirrus sites, scans of both eyes were acquired using the Macular Cube Scan 512 × 

128 and Optic Disc Cube 200 × 200 protocols. Good scan position, iris image clarity, 

signal strength ≥6 were required by the technician at the time of acquisition. Use of eye 

tracking and Repeat Scan overlay/registration were utilized if available. For Spectralis sites, 

scans acquired in both eyes were Glaucoma RNFL 768×496 with an ART of 100, Axonal 

RNFL-N 1536×496 with an ART of 100, Posterior Pole 61 scan lines spaced 12μm apart, 

768A-scans with an ART of 9. Quality was required to be > 25, with entire scan visible in 

window. The Heidelberg eye tracking software feature was used if possible for all scans, and 

study visits for each eye were all registered using the baseline visit as the reference scan for 

follow up scans. For all sites, the scan protocol was performed a minimum of twice on each 

subject at each study visit, to ensure adequate images of sufficient quality. These quality 

control standards are similar to, but predate, the published OSCAR-IB criteria10.

Scans were sent from each site to the central reading center via secure web-based interface, 

and evaluated initially for completeness and scan quality parameters, with sites receiving 

rapid feedback, to maximize receipt of quality data. Images accepted by the reading 

center were independently evaluated by a minimum of two (2) certified Graders, who 

were ophthalmologists employed by the reading center and masked to treatment status. All 

numeric data were required to match within 7.5% of the mean between Grader 1 and Grader 

2. If data was outside this bound, then a third certified Grader was assigned to independently 

analyze the image and adjudicate the value. All quantitative values are those obtained from 

either Cirrus or Spectralis software, as defined in the study protocol. Third party software 

was not utilized for quantification of retinal structures. Values for pRNFL from Cirrus and 

Spectralis are combined, as supported by Syc et al 11,12. Because they measure different 

areas of the retina using different methods, the macular volume cannot be combined across 

devices and are therefore is reported independently by device for each cohort of patients. 

Ganglion cell/inner plexiform (GCIP) layer thickness was available for and is calculated for 

Cirrus scans only.

Data from both eyes were incorporated into a statistical model which evaluated for 

differences between treatment groups while allowing correction for within-subject inter-eye 

correlation. Analyses were conducted according to actual randomization strata under the 

modified intent-to-treat principle defined as all the patients who underwent randomization, 

received at least one dose of a study medication, and had at least one efficacy assessment 

after baseline. The rate of change in each OCT outcome measure by treatment group was 

estimated using a linear mixed model with adjustment for randomization strata. A common 
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intercept was assumed to constrain the baseline means to be equal. In addition to patient 

specific random intercepts and slopes, we induced correlated errors between eyes at each 

visit to account for the within-subject covariance between measurements taken on both eyes. 

Akaike information criterion (AIC) based on maximum likelihood estimation suggested the 

linear model was the optimal fit. Model estimates were obtained by restricted maximum 

likelihood (REML) using an unstructured covariance matrix. A 3-way interaction model of 

treatment, time, and MS type was used to explore the potential differential effect of ibudilast 

in PPMS vs SPMS.

Furthermore, we estimated sample sizes required to achieve various effect sizes for the 

OCT outcome measures based on trends observed in the SPRINT-MS trial. Due to the 

complexity of the models for the OCT outcomes, closed form formulas to compute sample 

size do not exist. Therefore, the required sample sizes were estimated with simulation. The 

model-estimated fixed and random effects and random error were used to simulate OCT 

outcomes. The treatment effect estimate was varied to achieve selected effect sizes for the 

percentage in slope reduction relative to placebo. The power was estimated by the percent 

of times out of r=1000 replications that the p-value for the test of equal slopes between 

treatment groups was below the designated alpha level (α=0.10). A grid search method was 

used to estimate the desired sample size that would achieve approximate 80% power. To 

explore the impact of the noise seen in the RNFL data on the sample size estimates, while 

maintaining trial applicability, large outliers were excluded from the model estimates used 

in the simulations. Specifically, patients with greater than 10uM change in RNFL over any 

24-week period were excluded from the model estimates for RNFL along with data values 

with signal strength below the quality threshold. Statistical analyses were performed in SAS 

9.4 Software (SAS Institute, Cary, NC) and R13. Given the exploratory nature of the analysis 

of this secondary endpoint, multiple comparisons were not accounted for in the analysis.

Results:

Of the 28 sites participating in SPRINT-MS, there were 22 sites that utilized Zeiss Cirrus 

OCT and 6 sites that utilized Heidelberg Spectralis OCT. This resulted in 183 participants 

being imaged with Cirrus, and 61 with Spectralis over the course of the trial. Baseline 

participant characteristics are presented in Table 1. Completeness of data is presented in 

Supplemental Table 1.

The primary OCT outcome, difference between treatment groups in pRNFL change over 

time in all patients, showed an estimated reduction of 0.305uM per year (95% CI −0.1786 

to 0.7893, p=0.22) of pRNFL loss with ibudilast compared to placebo. Estimated rate of 

pRNFL loss per year was −0.2630uM (95% CI −0.5973 to 0.0714) in the placebo group 

compared to 0.0424uM (−0.3091 to 0.3939) in the ibudilast arm. Macular volume loss was 

−0.00503mm3 (−0.02693 to 0.01688) per year with ibudilast compared to −0.03659mm3 

(−0.05824 to −0.01494) per year in the placebo arm in the Spectralis patients (n=61, 

p=0.044). In patients followed with the Cirrus OCT, macular volume loss was −0.00040 

(−0.02167, 0.020866) with ibudilast compared to −0.02083 mm3 (−0.04134 to 0.00033) 

for placebo (n=183, p=0.1734). Ganglion cell-inner plexiform (GCIP) layer thickness, 

segmented using software available only on Cirrus devices, declined by −0.4893uM 
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(−0.9132, −0.0654) per year in the ibudilast arm vs. −0.9587uM (−1.3677, −0.5498) per 

year for placebo (n=183, p=0.12). A 3-way interaction model evaluating the differential 

effect of ibudilast in PPMS vs SPMS for RNFL was not significant (p=0.77).

We simulated, based on the performance of the OCT measures as implemented in the 

SPRINT-MS trial, sample size estimates for 2-year trials using OCT outcomes in progressive 

MS. Estimates of sample sizes for 2-year trials assuming 80% power to detect therapeutic 

effects of varying degrees using OCT visits every 6 months are provided in Table 2. 

Additionally, we calculated sample size requirements for higher power requirements. To 

achieve 90% power with GCIP as an outcome assuming an 80% effect size would require 

randomizing n=204 and for GCIP detecting a 70% effect size n=274 would be required. To 

achieve 90% power with macular volume measured by Spectralis, assuming an 80% effect 

size, n=152 would need to be randomized, and for 90% power to detect a 70% Effect size 

n=192 would need to be randomized. Finally for 90% power and macular volume measured 

by Cirrus, to detect an 80% effect size, n=1096 would need to be randomized. Simulations 

were also run using only yearly measurements (baseline, 48 wks, and 96 wks) and in that 

scenario, to achieve 80% power with GCIP as an outcome assuming an 80% effect size 

would require randomizing n=198 and for GCIP detecting a 70% effect size n=254 would 

be required. This amounts to a roughly 30% increase in required sample size when moving 

from OCT every 6 months to every 12 months. Alpha was set to 0.1 for all simulations.

Discussion:

In the SPRINT-MS trial we measured OCT every six months for two years. Small 

differences were seen in OCT measures between ibudilast- and placebo-treated subjects, 

with point estimates consistently in the direction showing less loss of retinal tissue in 

ibudilast than placebo, though not all reached statistical significance. Taken together with 

the trial’s primary outcome measure of benefit on brain atrophy, the overall pattern in OCT 

outcomes adds support to the potential benefit of ibudilast on slowing neuronal loss in 

progressive MS.

In SPRINT-MS, the magnitude of the effect size of ibudilast on OCT parameters is similar 

to the effect size on brain parenchymal fraction (BPF), though confidence intervals for 

OCT are wide. Estimating with greater precision the magnitude of the ibudilast effect on 

retinal layer thickness would therefore require confirmation in a second, larger trial. Also, 

certain parameters, such as GCIP, are only available in a subset of patients, limiting power 

to detect a treatment effect on those measures. Future work in this dataset will focus on 

platform-agnostic retinal segmentation analyses, pooled across instruments, which requires 

third-party, proprietary algorithms. The degree to which advanced analytic techniques can 

improve the precision of outcomes such as GCIP across platforms within multicenter 

trials, requires further study. History of previous optic neuritis was not collected as a 

screening or baseline variable in this trial but could be in future trials, to further define the 

population of patients who may benefit from neuroprotective therapy and evaluate the effect 

in subpopulations of patients with vs. without prior involvement of the visual system that 

exceeded clinical threshold.
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As the first multicenter progressive MS trial employing OCT as an outcome, these results 

also further define the conditions under which OCT can serve as an outcome measure in 

future progressive MS trials. When designing the SPRINT-MS trial, formal power analyses 

could not be performed for pRNFL, since its estimated change over time in this patient 

population was not known. The rate of retinal thinning over time in MS is known to be 

proportional to inflammatory disease activity, and patients enrolled in SPRINT-MS had a 

low overall level of disease activity during the study6 The rate of decline in pRNFL in the 

placebo arm of the SPRINT-MS trial was −0.26uM per year, similar to −0.21 μm/year in 

one cohort study of a convenience sample of MS and CIS pooled from clinical practice13and 

−0.31uM per year in a small recent trial in progressive MS15. For GCIP thickness, the 

rate of decline in the SPRINT-MS placebo arm was −0.96uM/year compared to −0.37 

μm/year from a multicenter CIS/RRMS convenience sample13 and −0.29uM per year in 

a small progressive MS trial14. Sample size calculations based off the actual data from 

SPRINT-MS suggest that a trial in progressive MS with GCIP as outcome measure would 

have 80% power to detect a 60% treatment effect with n=264 participants randomized. 

GCIP, especially if in the future it is able to be combined across more than one brand of 

spectral domain OCT device, and given it is less susceptible to acute changes in the setting 

of optic neuritis, may be feasible to serve as an outcome measure in progressive MS trials. 

Under the conditions employed in this trial, using pRNFL as the sole OCT outcome would 

require substantially larger sample sizes, reducing feasibility.

Together, these results potentially provide some support of a neuroprotective role for 

ibudilast in progressive MS, and guide the use of OCT in future trials in progressive MS. 

Unique aspects of OCT implementation in the SPRINT-MS trial include enrollment and 

qualification of multiple sites, inclusion of two different spectral domain scanner brands, 

and quality control and independent analysis facilitated by use of an OCT reading center. 

Many of these are analogous to how MRI is utilized with a reading center in MRI-driven 

MS clinical trials. In future studies, preplanning GCIP as primary outcome measure with 

advanced analytics validated across acquisition platforms would be one potential design 

improvement. Other methods to reduce noise and increase ability to detect treatment effect 

between groups could include increasing standards for scan quality, adding assessment 

points, or changing inclusion criteria to enrich for more active patients with more rapid 

change over time. More recently described retinal measures such as inner nuclear layer and 

outer nuclear layer thickness, not analyzed in this study, deserve investigation and may hold 

promise as more specific markers of retinal atrophy in progressive MS16.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Model-based change in OCT measures over time by treatment group
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Table 1:

Baseline patient characteristics, modified intent to treat population (n=244)

ibudilast placebo p-value

N (patients) 121 123

Age (mean years +/− SD) 54.7314 ± 7.7063 56.8909 ± 6.4984 0.02

Disease duration (median, range) 11 (0 – 41) 9 (0 – 36) 0.77

Primary Progressive (n, %) 63 (52.07%) 64 (52.03%) 0.9958

EDSS (median, range) 6 (2.5–6.5) 6 (3 – 6.5) 0.45

2.5% LCLA (mean number correct +/− SD)
29.6750 ± 12.2063

†
27.2213 ± 12.6357

†
0.13

†

pRNFL (mean* +/− SD) 83.3944 ± 10.5055
†

81.0000 ± 13.1451
†

0.12
†

Macular Volume (mean +/− SD)(Spectralis sites)
8.2572 ± 0.4601

† 8.1178 ± 0.4580 0.24

Macular Volume (mean +/− SD)(Cirrus sites) 9.6961 ± 0.5366
9.5879 ± 0.5760

† 0.19

GCIP (mean +/− SD) (Cirrus sites only) 71.6861 ± 8.9790
68.8861 ± 9.7125

† 0.05

*
mean of the left and right eye measures. When measures from both eyes were unavailable, the value for the one available eye was used.

†
denotes unavailable data as follows: 2.5% LCLA, 1 ibudilast subject and 1 placebo subject, pRNFL, 5 ibudilast subjects, 4 placebo subjects; 

Macular Volume (Spectralis sites), 1 ibudilast subject; Macular Volume (Cirrus sites), 2 placebo subjects; GCIP, 3 placebo subjects.
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Table 2:

Sample size calculations using OCT outcome measures in progressive MS (total number of patients to 

randomize assuming 80% power to detect the specified effect size)

Effect size

50% 60% 70% 80%

Outcome measure pRNFL >9500 7336 5490 4050

MV - Cirrus 1950 1370 1054 852

MV - Spectralis 270 204 172 140

GCIP (every 6 month measurements) 386 264 196 152

GCIP (yearly measurements) 490 350 254 198
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