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ARTICLE INFO ABSTRACT
Keywords: Background: People with MS show abnormal thinning of the retinal layers, which is associated with clinical
Optical coherence tomography disability and brain atrophy, and is a potential surrogate marker of neurodegeneration and treatment effects.

Retinal thickness

Macular ganglion cell and inner plexiform
layers

Secondary progressive MS

Siponimod

Objective: To evaluate the utility of retinal thickness as a surrogate marker of neurodegeneration and treatment
effect in participants with secondary progressive MS (SPMS) from the optical coherence tomography (OCT)
substudy of the EXPAND Phase 3 clinical trial (siponimod versus placebo).

Methods: In the OCT substudy population (n = 159), treatment effects on change in the average thickness of the
retinal layer, peripapillary retinal nerve fiber layer (pRNFL), and combined macular ganglion cell and inner
plexiform layers (GCIPL) were analyzed by high-definition spectral domain OCT at months 3, 12, and 24.
Results: Thinning from baseline was observed across all retinal layers and time points in the placebo group.
Siponimod significantly reduced GCIPL thinning versus placebo at month 24 (adjusted mean [SE] [um]: —0.47
[0.81] vs. —4.29 [1.23]; p = 0.01), and overall retinal thinning at months 12 (+0.66 [0.54] vs. —1.86 [0.75];p =
0.006) and 24 (—0.05 [0.59] vs. —2.30 [0.88]; p = 0.033). Although not significant, results for pRNFL consis-
tently followed the same trends.

Conclusion: This exploratory substudy supports further investigation of OCT measurement of retinal atrophy as a
non-invasive potential biomarker of treatment effects on neurodegeneration in SPMS.

1. Introduction 2010; Khanifar et al., 2010; Kuchling and Paul, 2020; Parisi et al., 1999;
Paul et al., 2021; Petzold et al., 2017). Measurements of retinal layer

In people with multiple sclerosis (MS), the retinal layers show thinning by optical coherence tomography (OCT) are highly reproduc-
abnormal thinning over time reflecting neuroaxonal loss (Green et al., ible, allowing longitudinal follow-up of retinal structures (Garcia-Martin
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etal., 2011; Paul et al., 2021). Not confounded by myelin, OCT measures
have a spatial resolution (~5 um) approximately 2-3 orders of magni-
tude greater than magnetic resonance imaging (MRI), making OCT an
ideal tool for assessing neuroaxonal degeneration and treatment effects
(Alonso et al., 2018; Garcia-Martin et al., 2010; Graves, 2019; Mehmood
et al., 2021; Paul et al., 2021; Siger et al., 2008).

Thinning of retinal layers is associated with MS-related disability,
brain atrophy, and disability progression (Alonso et al., 2018; Frau et al.,
2018; Gordon-Lipkin et al., 2007; Martinez-Lapiscina et al., 2016; Mir-
mosayyeb et al., 2023; Oertel et al., 2019; Paul et al., 2021; Saidha et al.,
2015; Swinnen et al., 2023; Vidal-Jordana et al., 2020). Retinal layers
include the peripapillary retinal nerve fiber layer (pRNFL), which con-
tains primarily unmyelinated axons emerging from retinal ganglion cell
neurons, and the combined ganglion cell and inner plexiform layers
(GCIPL), where the axons forming pRNFL originate (Petzold et al.,
2017). While some evidence suggests that retinal (more specifically
GCIPL) and whole brain atrophy are more strongly associated in pro-
gressive MS than in relapsing MS (Saidha et al., 2015), other studies
questioned this association in the later stage of the disease due to a
plateau or ‘floor effect” wherein pRNFL and GCIPL atrophy can no longer
be detected below a certain level of total thickness (Balk et al., 2016;
Winges et al., 2019).

EXPAND was the largest Phase 3 study of participants with second-
ary progressive MS (SPMS) to date (N = 1651) and siponimod was the
first disease-modifying therapy approved in this population (Cree et al.,
2022; Kappos et al., 2018). The EXPAND OCT substudy was conducted
in a subgroup of EXPAND participants. The objective was to explore the
utility of the OCT-measured average retinal layer thickness (including
average pRNFL and papillo-macular bundle RNFL [pmbRNFL], GCIPL,
and overall retinal thickness) and their subfields as potential markers of
axonal degeneration and disability progression in SPMS. The treatment
effect on thinning of the different retinal layers, as well as correlations of
OCT measures with clinical and radiological outcomes, was explored.

&
N

Randomisation 2:1

Core part
Placebo (N=546)

Siponimod 2 mg/day (N=1105)
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2. Methods
2.1. Study design and participants

The core part of the EXPAND trial (NCT01665144) was an event-
driven, randomized, multicenter, double-blind, placebo-controlled,
parallel-group study of variable duration (median 21 months [range
0.2-37.0]) in 1651 participants with SPMS from 294 sites randomized
(2:1) to receive either siponimod or placebo (Fig. 1). Details of the
EXPAND study including inclusion and exclusion criteria were presented
in Kappos et al. (Kappos et al., 2018). This OCT substudy included 159
participants at a subset of sites (29), whose participation was based on
access to high-definition (HD) spectral domain OCT machines. Because
this substudy was purely exploratory, no pre-defined number of par-
ticipants was required, and no additional inclusion/exclusion criteria
had to be fulfilled. A sensitivity analysis was performed in a subgroup of
participants within the substudy, in which those with ongoing
ophthalmic disease at the time of screening were excluded (restricted
analysis set).

2.2. Optical coherence tomography (OCT)

OCT assessments were performed for all participants from the sub-
study at screening; months 3, 12, 24, 36; and end of treatment/end of
study using HD spectral domain OCT machines (including Spectralis™
HRA+OCT [Heidelberg Engineering, Germany] and Cirrus HD-OCT™
[Zeiss, Germany]). The number of available observations at month 36
was very low (three participants) and precluded any conclusions to be
drawn. The standard procedure for the acquisition and transmission of
OCT examination data was provided in an OCT manual to the sites.
Either Nsite-software or standard ophthalmology software were used for
image acquisition. OCT images were transferred (blinded to participant
name and date of birth) to an independent OCT reading center (Bern
Photographic Reading Center [BPRC]) for central evaluation. A
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Fig. 1. EXPAND and OCT substudy design. In the core part OCT assessments were performed at screening and months 3, 12, 24 and 36. Open-label started when
patient had an “event.” EDSS, Expanded Disability Status Scale; EoCP, end of core phase; OCT, optical coherence tomography; ophtha exam, ophthamologic

examination.



P. Vermersch et al.

qualified reader at BPRC performed the image grading applying stan-
dardized measurement algorithms for retinal thickness and sublayer
segmentation. The assessments were conducted and described in
accordance to the quality control criteria at the BPRC, which contrib-
uted to the establishment of the OSCAR-IB and APOSTEL criteria
(Cruz-Herranz et al., 2016; Schippling et al., 2015), now standard for
reporting OCT study results. No minimum quality level was defined. The
detailed OCT scanning protocol is provided as supplementary data.
PRNFL thickness was measured either from the optic nerve head scans
(on a circular ring around the optic nerve head; Spectralis) or derived
from the optic disc cube scan (Cirrus). Besides the main pRNFL thickness
on the ring (‘average pRNFL thickness’), various segments of the ring
were also measured separately. Subfield areas of mean pRNFL thickness
were temporal, nasal superior, temporal superior, nasal inferior, and
temporal inferior. The papillo-macular bundle (pmb) thickness was also
measured and analyzed (measure available for sites using Spectralis
only). GCIPL thickness and overall retinal thickness as well as their
respective subfields (central area, inner superior, inner temporal, inner
inferior, and inner nasal) were derived from macular cube scans
(Spectralis or Cirrus). The thickness of each OCT parameter and subfield
was calculated as the mean value of all Amplitude scans (A-scans; type of
scan that measure distances between layers with different light re-
flectances) in the related area.

2.3. Statistical methodology

Participants of the OCT substudy had a baseline and one or more
postbaseline OCT measurements in at least one eye rated as a valid
assessment (Fig. 1). The end of treatment/end of study assessments if
available were mapped to protocol scheduled visits according to pre-
specified visit-windows/time points. Summary statistics were provided
for the change from baseline in the OCT variables (average pRNFL
thickness, pmb thickness, GCIPL thickness, overall retinal thickness, and

Table 1
Baseline demographics and disease characteristics.
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their subfields) by eye (left, right and both), time point and treatment.
The between treatment difference in change from baseline in the OCT
variables of interest were assessed using a mixed-model repeated mea-
sures (MMRM) approach to consider results from all available time
points. The model was adjusted for treatment, age, sex, time point,
treatment by time point interaction, and respective baseline OCT vari-
ables. The result from each time point were nested in eye and participant
to allow for inter-eye and intra-participant dependencies. No adjustment
for multiplicity was performed; p-value < 0.05 will be interpreted as
‘nominally’ significant rather than statistically significant.

A post hoc sensitivity analysis was conducted with adjustment for
baseline MRI variables and MS duration as additional covariates to
address imbalances in disease characteristics between treatment groups.
Another post hoc sensitivity analysis assessed the treatment effect on the
percentage change from baseline for each of the OCT measures.

Correlations (based on Pearson’s coefficient [r]) were explored
graphically between the main OCT variables of interest and the
following clinical and visual acuity variables: percentage brain volume
change from baseline (overall, cortical grey matter, thalamus) and
change from baseline in: Expanded Disability Status Scale (EDSS) score;
Symbol Digit Modalities Test (SDMT) score; lower contrast visual acuity
(LCVA) score; T2 lesion volume (transformed by taking the cube root
since this has shown to produce linear relationships when compared to
PRNFL thickness); and T1 hypointense lesion volume.

2.4. Ethics

The study protocol and all amendments were reviewed by the In-
dependent Ethics Committee or Institutional Review Board for each
center. The study was conducted according to the International Council
for Harmonization E6 Guideline for Good Clinical Practice that have
their origin in the Declaration of Helsinki (World Medical Association,
2024).

OCT substudy population®

Remaining study population”

Placebo, N = 55

Siponimod, N = 104 Total, N = 1486

Age, years 48.1 (7.4)
Female, n ( %) 35 (63.6)
Race, n ( %)
White 51 (92.7)
Black or African American 3 (5.5)
Asian 0 (0.0)
Unknown 0 (0.0)
Other 1(1.8)
Ethnicity, n ( %)
Hispanic or Latino 12 (21.8)
Not Hispanic or Latino 30 (54.5)
Not reported 6 (10.9)
Unknown 7 (12.7)
EDSS 5.4 (1.1)
SDMT 42.2 (12.3)
>1 Gd+ T1 lesion at baseline, n ( %) 7 (12.7)
Patients with no relapses in the last year prior to screening, n ( %) 44 (80.0)
Number of relapses in the last year prior to screening 0.3 (0.6)
Number of relapses in the last 2 years prior to screening 0.6 (1.4)

Volume of T1 lesions, mm>
Volume of T2 lesions, mm?®
Normalized brain volume, cc

MS duration since diagnosis, years 10.8 (7.2)
MS duration since first symptom, years 14.1 (7.9)
Time since conversion to SPMS, years 2.7 (1.9)

3923.7, (4278.2)
10,717.5, (10,666.7)
1431.4 (81.5)

48.4 (6.9) 48.0 (8.0)
58 (55.8) 894 (60.2)
102 (98.1) 1406 (94.6)
2(1.9) 5(0.3)

0 (0.0) 48 (3.2)

0 (0.0) 10 (0.7)

0 (0.0) 17 (1.1)

17 (16.3) 77 (5.2)

52 (50.0) 1151 (77.5)
11 (10.6) 136 (9.2)
24 (23.1) 122 (8.2)
5.3 (1.2) 5.4 (1.1)
39.9 (12.7) 38.9 (13.9)
19 (18.3) 324 (21.8)
81 (77.9) 1165 (78.4)
0.3 (0.6) 0.3 (0.6)
0.6 (1.1) 0.7 (1.2)

7006.7, (9205.2)
15,658.2, (16,825.9)
1414.8 (85.0)

6556.6, (8505.4)
15,431.6, (16,091.1)
1423.0 (87.1)

13.3 (8.2) 12.6 (7.7)
17.7 (8.7) 16.8 (8.3)
3.6 (3.9) 3.8(3.5)

Data are expressed as mean (SD) unless specified otherwise.

@ OCT substudy FAS, a subset of FAS that includes participants with a baseline and at least one postbaseline OCT measurement in at least one eye rated as a valid

assessment.

b Includes FAS participants that are not in the OCT FAS. N is the number of participants in the corresponding group. EDSS, Expanded Disability Status Scale; FAS, full
analysis set; Gd+, gadolinium-enhancing; MRI, magnetic resonance imaging; OCT, optical coherence tomography; SD, standard deviation; SDMT, Symbol Digit

Modalities Test.
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All participants gave written informed consent before screening. The
study information included the evaluation of OCT images obtained
during the study as part of ophthalmic examinations.

3. Results
3.1. Participants

The OCT full analysis set comprised 159 participants (approximately
10 % of the EXPAND population); 104 participants in the siponimod
group and 55 participants in the placebo group. Baseline demographic
characteristics were generally balanced across the two groups. The mean
age was 48.3 years. The majority of participants were female (58.5 %)
and White (96.2 %). The proportions in each category were similar to
those observed in the remaining EXPAND core part except for the higher
proportion of participants of Hispanic and Latino origin in the substudy
(Table 1).

Groups generally had similar baseline characteristics in line with the
overall study population, except for some imbalance observed for dis-
ease duration/time since conversion to SPMS, T2 lesion volume and
level of inflammatory activity at baseline, suggesting that MS disease in
the placebo group was somewhat less severe/advanced than in the
siponimod group and the rest of the study population. (Table 1). A total
of 7 participants (6.7 %) in the siponimod group had a history of optic
neuritis, compared to 3 participants (5.5 %) in the placebo group.
Among these, 4 participants (3.8 %) in the siponimod group and 1
participant (1.8 %) in the placebo group had ongoing optic neuritis at
the time of screening. The mean thickness of OCT parameters at baseline
was also consistently slightly lower in the siponimod group compared
with the placebo group (Table 2). Most (97.5 %) participants were
scanned using the same device throughout the study; only four patients
had their final visit performed on a different platform.

3.2. Longitudinal analysis of OCT parameters

The change of average pRNFL thickness, GCIPL thickness and overall
retinal thickness is presented in Fig. 2.

Table 2
Baseline ocular related characteristics at eye level.

OCT substudy population”

Mean Placebo, N = 55 Siponimod, N = 104
Right eye Left eye Right eye Left eye
LCVA, logMAR n=>54 n=>53 n=103 n=103
0.04 (0.12) 0.06 (0.22) 0.07 (0.17) 0.12 (0.25)
Global RNFL, pm n=>53 n=>52 n=98 n =96
85.0 (13.6) 84.0 (13.7) 79.1 (13.5) 77.7 (14.9)
GCIPL, pm n=>55 n=>54 n=101 n =100
70.3 (12.7) 70.1 (12.4) 66.6 (11.8) 65.7 (12.1)
Retinal thickness, n=>55 n=>54 n=102 n=101
pm
304.0 302.8 300.2 300.3
(21.9) (21.7) (21.6) (20.6)

Data are expressed as mean (SD) unless specified otherwise.

# OCT substudy FAS, a subset of FAS that includes participants with a baseline
and at least one postbaseline OCT measurement in at least one eye rated as a
valid assessment. GCIPL thickness derived as the average of central area, inner
inferior, inner nasal, inner superior and inner temporal GCIPL thickness if at
least 4 out of 5 measurements are nonmissing at the respective visit, by right and
left eye respectively. Retinal thickness derived as the average of central area
inner inferior, inner nasal, inner superior and inner temporal thickness if at least
4 out of 5 measurements are nonmissing at the respective visit, by right and left
eye respectively. N is the number of participants in the FAS; n is the number of
participants with nonmissing value. FAS, full analysis set; GCIPL, ganglion cell
and inner plexiform layers; LCVA, lower contrast visual acuity; OCT, optical
coherence tomography; RNFL, retinal nerve fiber layer.
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3.2.1. Average pRNFL and pmbRNFL thickness

In the model-based analysis, a consistent numerical decrease in
average pRNFL thickness from baseline was observed in the placebo
group at months 3, 12 and 24; this was not the case for the siponimod
group, wherein the average pRNFL thickness remained stable through
month 24. The differences between treatment groups were not signifi-
cant (Fig. 2A). No clear trend in change in mean pmbRNFL thickness
over time was observed with either siponimod or placebo and there was
no significant difference in the change from baseline in pmbRNFL
thickness at any time point between the treatment groups (data not
shown).

3.2.2. GCIPL thickness

For GCIPL thickness, a decrease over time was observed for placebo
at months 12 and 24 (Fig. 2B). A similar decrease was seen in the
siponimod group at month 12, but not at month 24, where a nominally
significant difference in favor of siponimod was found (adjusted mean
[SE]: —0.47 [0.81] um with siponimod vs —4.29 [1.23] um with pla-
cebo, p = 0.01).

3.2.3. Overall retinal thickness

A consistent decrease in mean retinal thickness was observed over
time for placebo, but not for siponimod (Fig. 2C). This difference favored
siponimod from month 12 onwards, with adjusted mean (SE) of sipo-
nimod versus placebo of +0.66(0.54) um versus —1.86(0.75) um (p =
0.006) at month 12 and —0.05(0.59) pym versus —2.30(0.88) um (p =
0.033) at month 24.

3.3. Sensitivity analyses

The results of sensitivity analyses after adjusting for baseline MRI
variables and duration of MS since first symptom were consistent with
the preplanned analyses across all OCT measures. Percentage changes
from baseline were in line with absolute changes across all OCT mea-
sures (Supplementary Fig. 1). The sensitivity analyses performed on the
restricted OCT analysis set excluding participants with ongoing
ophthalmic disease produced similar results for all OCT thickness
measures and time points.

3.4. Subfields areas

At month 24, across all OCT measures, all the subfield areas except
for the temporal pRNFL consistently showed numerically less thinning
in participants treated with siponimod compared to those treated with
placebo (Fig. 3). The treatment effect on thinning was nominally sig-
nificant for most GCIPL subfields (central, inner superior, inner tem-
poral, inner nasal) (Fig. 3B); however, no significance was reached for
most pRNFL and retinal subfields (Fig. 3A and C).

3.5. Correlation between OCT variables and MRI and clinical outcomes

For the overall sub-study population, no correlation was apparent
between change from baseline in any of the main OCT variables
(average pRNFL, pmbRNFL, GCIPL, and overall retinal thickness) and
percentage brain volume change, or changes in EDSS, SDMT, LCVA, T2
lesion volume, and T1 hypointense lesion volume from baseline. Low
correlations were found at month 24 between change from baseline in
pmbRNFL (r = 0.31 and 0.39 for the right and left eye, respectively) or
overall retinal thickness (r 0.47 and 0.22 for the right and left eye,
respectively) and change from baseline in cortical grey matter volume. A
low correlation was found between the change from baseline in GCIPL
thickness and the change from baseline in EDSS at month 24 (r = 0.37
and 0.31 for the right and left eye, respectively). This positive correla-
tion, suggesting that a worsening of EDSS was associated with higher
GCIPL thickness, was weak and mostly driven by two data points only.
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A) pRNFL thickness B) GCIPL thickness C) Retinal thickness
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Fig. 2. Adjusted means (95 % CI) of change from baseline in retinal layers. A) pRNFL thickness; B) GCIPL thickness; C) retinal thickness. GCIPL thickness was
calculated as the average of central area, inner inferior, inner nasal, inner superior and inner temporal GCIPL thickness if at least 4 out of 5 measurements were
nonmissing at the respective visit, for the right and left eye, respectively. Retinal thickness was calculated as the average of the central area, inner inferior, inner
nasal, inner superior and inner temporal thickness if at least 4 out of 5 measurements were nonmissing at the respective visit, for the right and left eye, respectively.
Negative values correspond to a decrease from baseline. CI, confidence interval; GCIPL, ganglion cell and inner plexiform layers; pRNFL, peripapillary retinal nerve
fiber layer. N’ is the number of participants included in the analysis (i.e., with at least one postbaseline value and nonmissing covariates). Models were adjusted for

treatment, age, sex, baseline value and treatment by time point interaction.
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Fig. 3. Adjusted means (95 % CI) of change from baseline in retinal subfields. A) pRNFL subfields; B) GCIPL subfields; C) retinal subfields. Negative values
correspond to a decrease from baseline. CI, confidence interval; GCIPL, ganglion cell and inner plexiform layers; pRNFL, peripapillary retinal nerve fiber layer. N’ is
the number of participants included in the analysis (i.e., with at least one postbaseline value and nonmissing covariates). The models were adjusted for treatment,

age, sex, baseline value and treatment by time point interaction.

4. Discussion 0.05) for most GCIPL subfields.

Such consistency in treatment-related changes despite the small

This OCT substudy, conducted as part of the core part of the EXPAND
study, was designed to evaluate change in the OCT-measured thickness
of several retinal layers in participants with SPMS treated with siponi-
mod versus placebo and followed for 2 years (variable duration up to 3
years). The objective was to explore the utility of retinal layer thickness
(e.g. average pRNFL, pmbRNFL, GCIPL, and overall retinal thickness) as
markers of treatment effects on neuroaxonal degeneration and disability
progression in SPMS. Treatment with siponimod significantly reduced
GCIPL thinning at month 24, and overall retinal thinning at months 12
and 24. Although the treatment effects for the other time points and
other thickness parameters, including pRNFL and pmbRNFL, were not
statistically significant, most of the numerical differences consistently
favored siponimod versus placebo. The change in subfield thickness also
consistently showed similar trends, reaching nominal significance (p <

sample size supports the rationale of using OCT and retinal thickness
measurements as an endpoint in clinical trials of progressive MS disease.
This is in line with the approach taken by several such trials including
SPRINT-MS, FLUOX-PMS, ACTiMuS, or SMART-MS (Lambe et al., 2020;
Oertel et al., 2019). While many of these studies are ongoing, or with
results not yet published, a post-hoc analysis of phase 2 SPRINT-MS
showed that treatment with ibudilast decreased GCIPL atrophy versus
placebo in progressive MS (Ehrhardt et al., 2023). The authors, however,
noted that this treatment effect was driven by participants with primary
progressive MS (PPMS), rather than those with SPMS. According to the
researchers, this observation possibly was consistent with the faster
brain atrophy in the PPMS cohort, making treatment effects more likely
to be detected in this subtype.

Our finding demonstrating a treatment effect of siponimod on GCIPL
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is also in line with previous evidence suggesting that change in thickness
of GCIPL is a more clinically meaningful biomarker of CNS atrophy than
RNFL (thickness). GCIPL is more strongly correlated with visual
dysfunction (Saidha et al., 2011) and its decrease is more severe and can
be detected much earlier (Gabilondo et al., 2015; Pietroboni et al., 2020)
compared with the RNFL layer. These results support the hypothesis that
neurodegeneration in this SPMS population may arise from neuronal cell
damage (as measured by GCIPL change), more so than only axonal
degeneration (as measured by RNFL), consistent with previous obser-
vations in RRMS (Paul et al., 2021; Pietroboni et al., 2020).

The RNFL and macular ganglion cells are affected by MS in parallel
to clinical and paraclinical parameters, including physical disability,
cognitive disorders as well as cerebral atrophy in MRI (Alonso et al.,
2018; Mehmood et al., 2021). In our analysis, low correlations were
observed between some OCT measures (pmbRNFL and retinal thinning)
and change in cortical grey matter volume after 1 year; however, no
meaningful correlation was observed between OCT parameters and the
other measured clinical or MRI outcomes (EDSS, SDMT, LCVA, T2 lesion
volume, and T1 hypointense lesion volume).

This negative result likely reflects one main limitation of this study,
inherent to its exploratory nature, which is the small sample size and
insufficient statistical power to consistently detect a treatment effect on
OCT parameters and their correlations with disease outcomes. Based on
our results on GCIPL changes, the estimated sample size with a power of
over 90 % to detect a difference of 3 pm between two treatment groups
assuming 1:1 randomization would be at least 300 (i.e. 150 participants
in each group). Our effect size (approximatively 40 %) and related
sample size calculation is in line with that derived from the SPRINT-MS
trial of ibudilast in progressive MS (Ehrhardt et al., 2023). In addition,
although baseline demographics were generally balanced, baseline dis-
ease activity was lower, and OCT measures were better in the placebo
group, potentially biasing the results (since higher baseline thickness
allows a larger dynamic range from which the retinal layer can thin).
Sensitivity analyses were conducted to address these limitations;
adjusting for baseline imbalance in disease characteristics yielded re-
sults in line with the unadjusted results, and treatment effects on per-
centage changes in retinal layers thickness were consistent with effects
on absolute changes. Another limitation may be related to the improving
performance and sensitivity of OCT imaging techniques and
post-acquisition analyses, which may not have been optimal at the time
this analysis was conducted. This could partly explain the high vari-
ability in OCT measures observed in our study, including steep decrease
or apparent increase in some of the retinal thickness measures. Such
variability, however, also likely reflects some degree of physiological
variation in line with earlier reports (Balk et al., 2014, 2012).

In conclusion, the consistent trend in treatment-related OCT changes
across all retinal layers and subfields observed in the EXPAND OCT
substudy, despite its exploratory nature, supports the utility of OCT as a
potential non-invasive biomarker to evaluate treatment effects on
retinal layer atrophy in participants with SPMS; however, more results
from ongoing or future trials in larger SPMS populations are needed to
confirm these findings and establish OCT as a marker of neuro-
degeneration and its correlation with clinical and MRI outcomes in
SPMS.
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