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Abstract
Objective
To investigate the association between disease-modifying therapies (DMTs) and the rate of
progressive retinal ganglion cell (RGC) and nerve fiber loss in MS.

Methods
One hundred five relapsing-remitting patients with MS were followed annually for a median of
4.0 years using optical coherence tomography. Twenty-five healthy subjects were also included
as normal controls. The rates of global peripapillary retinal nerve fiber layer (pRNFL), temporal
RNFL (tRNFL), and ganglion cell inner plexiform layer (GCIPL) thinning were analyzed
according to DMT type using a linear mixed-effects model. Optic radiation lesion volume was
measured on brain MRI and included as a covariate to minimize the effects of retrograde
transsynaptic degeneration.

Results
The annual rates of RNFL and GCIPL thinning were higher in patients treated with “platform”
therapies (interferon-β and glatiramer acetate) compared with DMTs of higher clinical efficacy
(including fingolimod, dimethyl fumarate, natalizumab, alemtuzumab, rituximab, and ocreli-
zumab) (difference = −0.22 μm/y, p = 0.02 for pRNFL; difference = −0.34 μm/y, p = 0.009 for
tRNFL; and difference = −0.16 μm/y, p = 0.005 for GCIPL). Based on an analysis of individual
treatments (interferon-β, glatiramer acetate, fingolimod, and natalizumab), interferon-β was
associated with inferior RGC preservation, relative to the other drugs. No effect difference was
found between glatiramer acetate, fingolimod, and natalizumab.

Conclusions
Progressive loss of RGCs in patients with MS is more pronounced in patients treated with
interferon-β than other DMTs. This finding may have implications for DMT selection in MS.

Classification of Evidence
This study provides Class IV evidence that for patients with MS, treatment with interferon-β
compared with other DMTs leads to a more pronounced rate of retinal ganglion cell loss.
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MS is recognized as a neurodegenerative disease with pro-
gressive neuroaxonal loss that begins in the earliest phases of
the disease. Loss of retinal ganglion cells (RGCs) and their
axons has been well documented in nonoptic neuritis (ON)
eyes in MS.1 Based on a strong association between retinal
nerve fiber layer (RNFL) and brain atrophy in patients with
MS,2 loss of RGCs may reflect general neurodegeneration.
Current disease-modifying therapies (DMTs) (including
both platform therapies and DMTs of higher efficacy) are
effective in suppressing neuroinflammation and reducing the
rate of clinical relapses; however, their potential neuro-
protective effects on axonal preservation are less well defined.

In the current study, we assessed the potential effect of current
DMT on RGC loss in MS by analyzing the annualized rate of
RNFL thinning with longitudinal optical coherence tomography
(OCT) scans, referenced to treatment type. Optic radiation
(OR) lesions were also examined annually during follow-up and
included in the statistical model as a covariate to minimize the
potential influence of retrograde transsynaptic degeneration.3

We first compared platform therapies (interferon-β and glatir-
amer acetate) vs DMTs of higher efficacy, followed by analysis of
the most frequently used individual drugs, such as interferon-β,
glatiramer acetate, fingolimod, and natalizumab.

Methods
Participants
One hundred five consecutive relapsing-remitting patients
with MS from 4 tertiary neuro-ophthalmology or neurology
clinics in Sydney (Royal North Shore Hospital, Brain &Mind
Centre, Inner West Neurology, and the Save Sight Institute)
were included in this study. MS was diagnosed according to
the 2010 revised McDonald criteria. Exclusion criteria in-
cluded acute ON within the previous 12 months and a history
of other ocular or neurologic diseases. Only the patients who
fulfilled the inclusion criteria were approached (determined
by the referral neurologists). One ON patient with an episode
of ON recurrence during the follow-up was excluded, and
only the data collected before the relapse were used in anal-
ysis. Four patients were lost to follow up (only with the
baseline measurements). All the other 105 participants with at
least 1 follow-up visit are included in the current study. Pa-
tients were examined annually and followed for a median of
4.0 years (range 0.9–7.6). At each visit, the type of concurrent
DMTwas recorded. This study provides Class IV evidence on
the effects of different DMTs on RGC and nerve fiber loss in
relapsing-remitting MS. In addition, 25 healthy participants
were recruited as controls.

Standard Protocol Approvals, Registrations,
and Patient Consents
The study adhered to the tenets of the Declaration of Helsinki
and was approved by the Human Research Ethics Commit-
tees of Macquarie University and the University of Sydney.
Written consent was signed by all participants.

OCT Imaging
As described previously,4,5 RNFL and ganglion cell inner
plexiform (GCIPL) thickness was measured with a Heidel-
berg Spectralis OCT (Heidelberg Engineering, Germany)
according to the APOSTEL recommendations.6 OCT scans
were performed under room light conditions without pupil
dilation. The follow-up function was activated to ensure that
longitudinal scans were obtained at the same locations. Both
peripapillary ring (diameter = 3.5 mm, for RNFL measure-
ment) and macular radial pattern scans (6 slices in a star-like
pattern, for GCIPL measurement) were inspected by 2 in-
vestigators (Y.Y. and A.K.) to ensure image quality according
the OSCAR-IB criteria and to exclude segmentation errors.7

MRI Scans and Measurement of OR
Lesion Volumes
Annual brain MRI scans were acquired on a GEMR750 3.0-T
scanner with an 8-channel head coil as previously described3

using pre- and post-contrast (gadolinium) sagittal 3D T1,
axial fluid attenuated inversion recovery (GE CUBE T2
FLAIR), and whole brain 64-directions diffusion-weighted
imaging sequences. Probabilistic tractography was used to
reconstruct OR fibers. Individual lesions were identified on
coregistered T2 FLAIR images and semiautomatically seg-
mented using JIM 7 software (Xinapse Systems, Essex, United
Kingdom). Lesions were then intersected with OR fibers to
obtain OR lesion volume measures.

Statistical Analysis
Statistical analysis was performed using SPSS (version 24.0;
IBM Corp., Cary, NC) and Graphpad Prism (version 8.0;
Graphpad, La Jolla, CA). Longitudinal OCT measures were
obtained from both eyes in the study subjects and annualized
RNFL change referenced to DMT type with a linear mixed-
effects model that included OR lesion volume measures at
each visit, age, sex, history of ON, and disease duration as
covariates. Patients who changed treatments during the
follow-up were not excluded, and the intrasubject factor was
taken into consideration when comparing the effects of dif-
ferent DMTs. As described previously,4 the model uses a
multilevel structure with repeatedmeasures nested within eye,
nested within subjects. A p value of less than 0.05 was con-
sidered statistically significant.

Glossary
DMT = disease-modifying therapy; FLAIR = fluid attenuated inversion recovery;GCIPL = ganglion cell inner plexiform layer;
LCVA = low contrast visual acuity;OCT = optical coherence tomography;ON = optic neuritis;OR = optic radiation; RGC =
retinal ganglion cell; pRNFL = peripapillary RNFL; RNFL = retinal nerve fiber layer; tRNFL = temporal RNFL.
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Data Availability
The authors confirm that the data supporting the findings of
this study are available within the article and from the cor-
responding author on reasonable request.

Results
Of the 105 patients with MS enrolled in the study, 51 had a
history of ON. Demographic data of the study cohort are
shown in table 1. We first analyzed longitudinal RNFL and
GCIPL changes in patients with MS vs healthy controls. We
have previously shown that there is no difference betweenON
and non-ON eyes in the rate of RNFL/GCIPL thinning in the
absolute thickness.4 In the current study, we again did not
observe any difference in peripapillary RNFL (pRNFL; dif-
ference = 0.04 μm/y, 95% CI −0.15 to 0.24, p = 0.65), tem-
poral RNFL (tRNFL; difference = 0.15 μm/y, 95% CI −0.09
to 0.40, p = 0.22), or GCIPL (difference = 0.02 μm/y, 95% CI
−0.08 to 0.13, p = 0.70) thinning between ON and non-ON
eyes. Therefore, both ON and non-ON eyes were included in
the current study. The rate of progressive retinal ganglion cell
and fiber loss was faster in patients with MS compared with
healthy control subjects (difference = −0.19 μm/y [95% CI
−0.39–0.01, p = 0.07] for pRNFL; −0.27 μm/y [95%CI −0.51
to −0.03, p = 0.03] for tRNFL; −0.16 μm/y [95% CI −0.28 to
−0.04, p = 0.01] for GCIPL), consistent with previous reports.

Platform Therapies vs Higher Efficacy DMTs
Next, we compared the rate of RNFL/GCIPL thinning in
patients treated with platform therapies (interferon-β and
glatiramer acetate) vs DMTs of higher efficacy (including
fingolimod, dimethyl fumarate, natalizumab, alemtuzumab,
rituximab, and ocrelizumab). In the linear mixed effects
model, which included OR lesion volume (plus age, sex, ON,
and disease duration) as an additional cofactor, we found that
retinal ganglion cell and fiber loss was faster in patients on the
platform DMTs (difference = −0.22 μm/y [95% CI −0.42 to
−0.03, p = 0.02] for pRNFL; −0.34 μm/y [95% CI −0.60 to
−0.08, p = 0.009] for tRNFL; −0.16 μm/y [95% CI: −0.27 to
−0.05, p = 0.005] for GCIPL). The difference between the
platform and higher efficacy DMTs remained significant after
adjustment for the intervals between DMT initiation and OCT
observation (difference = −0.24 μm/y [95% CI −0.43 to −0.04,
p = 0.02] for pRNFL; −0.28 μm/y [95%CI −0.52 to −0.04, p =
0.02] for tRNFL; −0.11 μm/y [95% CI −0.22 to −0.01, p =
0.04] for GCIPL). Despite the fact that no patients showed
macular edema on OCT during the follow-up, an additional
sensitivity analysis was performed excluding the patients on
fingolimod treatment. The difference between the platform and
higher efficacy DMTs in GCIPL thinning remained significant
(difference = −0.18 μm/y, 95% CI −0.34 to −0.02, p = 0.02).

Although some patients changed from platform therapies to
DMTs of higher efficacy during the follow-up period, the
slower progression rate on high efficacy treatments could not
be simply explained by a carry-over drug effect or different
disease staging. Nevertheless, to validate the above results, we
performed a subanalysis by only including patients on the
same DMT throughout the entire follow-up period (n = 71
patients). The difference in OCT changes between the 2
DMT groups persisted (difference = −0.28 μm/y [95% CI
−0.53 to −0.04, p = 0.02] for pRNFL; −0.25 μm/y [95% CI
−0.54 to 0.04, p = 0.08] for tRNFL; −0.24 μm/y [95% CI
−0.40 to −0.08, p = 0.003] for GCIPL) (the trend of projected
OCT changes are demonstrated in figure).

Analysis of Individual Drugs
Interferon β, glatiramer acetate, fingolimod, and natalizumabwere
included in a further analysis to determine the effect of individual
therapies. We only selected the drugs that had at least 100 OCT
data points in the study cohort to ensure appropriate statistical
power. Overall, patients showed faster rates of RNFL (mainly
temporal) and GCIPL thinning when on interferon β compared
with the other 3 drugs. The results are summarized in table 2. No
difference was found among glatiramer acetate, fingolimod, and
natalizumab. This analysis suggests that the difference between
the 2 DMT groups described above is likely to be a result of the
worse outcome of interferon β on neuroaxonal preservation.

Discussion
This study provides evidence that the commonly used DMTs
have a differential effect on the rate of progressive RGC loss in
MS, a measure reflecting general neuroaxonal loss in the

Table 1 Participant Characteristics at Baseline

MS Normala p Value

n 105b 25

Age, y 40.2 ± 10.0 38.8 ± 10.7 NS

Sex, M/F 25/80 7/18 NS

Disease duration, y 4 (1–23) N/A N/A

EDSS 1 (0–6) N/A N/A

OCT, eyes n = 210 n = 50

pRNFL 89.2 ± 12.8 97.3 ± 8.3 <0.001

tRNFL 62.4 ± 14.6 73.4 ± 12.5 <0.001

GCIPL 56.6 ± 5.6 61.1 ± 3.9 <0.001

OR lesion volume, mm3 402 (0–7,975) N/A N/A

Abbreviations: EDSS = ExpandedDisability Status Scale; GCIPL = ganglion cell
inner plexiform layer; N/A = not available; NS = not significant; OCT = optical
coherence tomography; OR = optic radiation; pRNFL = peripapillary retinal
nerve fiber layer; tRNFL = temporal RNFL.
Data are mean ± SD or median (range).
Patients in the current study with a history of unilateral ON were also in-
cluded in another study which has been reported previously.4 Patients on
teriflunomide were excluded in the DMT group-based analysis due to in-
consistent results regarding its clinical efficacy.16
a Part of the study cohort including normal subjects were previously de-
scribed in another study investigating a different aspect of the disease.
b Treatment at baseline included interferon-β (n = 24), glatiramer acetate (n
= 18), fingolimod (n = 25), teriflunomide (n = 6), dimethyl fumarate (n = 5),
natalizumab (n = 15), alemtuzumab (n = 3), and not on any treatment (n = 9).
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disease. It has not been well defined whether DMTs have any
protective effects against RGC loss in MS. Knier et al.8 ana-
lyzed the association between longitudinal OCT changes and
DMT treatment in patients with MS. The authors did not find
any difference between with or without DMT (first-line)
groups, but only 2 time points were analyzed in the study
which could increase variability of results. Given the small
sample size of patients with MS in our study who were not on
any DMTs throughout the follow-up period (n = 6), we were
not able to perform a subanalysis with appropriate statistical
power to compare the rate of RNFL/GCIPL thinning be-
tween untreated and treated patients. Future studies are
needed to address this issue. The reported rate of annual
progressive RNFL loss has been variable, between −0.36 and
−1.49 μm/y.9 This could be due to different scanning
equipment/protocols and statistical methods (covariables)
used. Concordant with the premise that earlier, aggressive use
of immunotherapy can ameliorate longer-term neuro-
degeneration, we found that the use of higher efficacy

therapies was associated with improved RGC preservation in
patients with MS. Although it is generally accepted that
modern oral and infusion therapies have better clinical effi-
cacy compared with platform therapies10 and can help reduce
the rate of retinal atrophy in relapsing-remitting MS,11 few
studies have directly compared the effects of 2 platform
therapies. Our data suggest that glatiramer acetate has a
greater neuroprotective effect, at least on RGCs, than in-
terferon-β, which may have implications for DMT selection in
early, relapsing disease. In support of this finding, a Cochrane
metanalysis has shown both higher relapse rates and brain
volume loss in patients treated with interferon-β compared
with glatiramer acetate.12

Some authors have previously investigated effects of DMTs
on RNFL and GCIPL changes in MS. Knier et al.8 showed
that retinal OCT changes are associated with disease activity.
Although they did not reveal any difference between type of
treatment on GCIPL thickness, only 2 time points were used

Figure Projected RNFL and GCIPL Thinning in Patients on the Same DMT Throughout the Follow-up Period

The baseline RNFL/GCIPL thickness was thinner in patients on the DMTs of higher efficacy (red lines), but patients on the platform therapies had a faster rate
of thinning over the follow-up period (blue lines). DMT = disease-modifying therapy; GCIPL = ganglion cell inner plexiform layer; pRNFL = peripapillary RNFL;
RNFL = retinal nerve fiber layer; tRNFL = temporal RNFL.
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in the analysis. In addition, combining interferon-β, glatiramer
acetate, dimethyl fumarate, and teriflunomide as the first-line
treatment may also limit the sensitivity of analysis. Although not
compared with other DMTs, Zivadinov et al.13 suggested that
glatiramer acetate may have a neuroprotective effect against
RNFL loss. Furthermore, Button et al.14 showed that patients on
both interferon-β and glatiramer acetate had faster rates of
GCIPL thinning compared with natalizumab. However, the fact
that the difference was larger for subcutaneous interferon
(0.37 μm/y) than for glatiramer acetate (0.14 μm/y) may also
indicate that glatiramer acetate has slightly better protective ef-
fects compared with interferon-β in controlling RGC loss.

The small sample size remains a limitation of this study. We
had to combine intermediate and high potency DMTs in the
group-based analysis which limited our ability in assessing
effects of all individual DMTs. Although we managed to
perform the analysis of 4 most frequently used DMTs with
sufficient OCT scans, the sample size for each individual drug
was still relatively low, and in particular, we were not able to
assess effects of high-dose high-frequency subcutaneous in-
terferon (n = 16) and low-dose low-frequency IM interferon
(n = 8) separately as described by Button et al.14 Therefore,
the results of this study need further validation in future
studies with larger sample size. Another limitation of the study
is that we do not have a functional measure to support our
conclusions. We could not find any difference in low contrast
visual acuity (LCVA) changes between the treatment groups.
This could be due to the fact that LCVA being a subjective test
is already significantly impaired in ON eyes at baseline. In
addition, reduction of LCVA is also likely to be associated
with posterior visual pathway damage (e.g., OR lesions).
These factors may potentially limit the sensitivity of LCVA in
detecting subtle difference in the rate of RGC fiber loss over
time in the current study design.

The mechanism of action that underpins the apparent neu-
roprotective effect of glatiramer acetate and higher efficacy
therapies on RGCs is uncertain. Early use of high-efficacy
therapy ameliorates long-term progression of MS disability
and brain atrophy and is probably largely driven by the anti-
inflammatory properties of these agents. However, distinct

neuroprotective effects cannot be excluded. Fingolimod, for
example, has been shown to be neuroprotective for RGCs
against glaucoma,15 a condition that is not traditionally con-
sidered a neuroinflammatory pathogenesis. Sphingosine-1-
phosphate receptors, which are bound by fingolimod, are also
expressed on RGCs, potentially promoting their survival.
Although the therapies studied here each have discrete
mechanisms of action, suppression of inflammatory pathways
represents is a common final endpoint and therefore remains
a likely significant contributor to neuroprotection.
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Table 2 Comparisons Between Interferon β and Other DMTs

Interferon β Glatiramer Fingolimod Natalizumab

pRNFL NS NS NS

tRNFL −0.54 (−0.92 to −0.16, p = 0.005*)a −0.51 (−0.86 to −0.16, p = 0.004*)b −0.57 (−1.26 to 0.11, p = 0.1)c

GCIPL −0.21 (−0.48 to 0.05, p = 0.1)a −0.34 (−0.46 to −0.21, p < 0.001*)b −0.35 (−0.55 to −0.16, p = 0.001*)c

Abbreviations: DMT = disease-modifying therapy; GCIPL = ganglion cell inner plexiform layer; NS = not significant; OCT = optical coherence tomography;
pRNFL = peripapillary retinal nerve fiber layer; tRNFL = temporal RNFL.
Data are difference (95% CI) (μm/y). Significant (p < 0.05) and borderline (p = 0.05–0.1) differences are shown.
After adjustment for the intervals between initiation of DMT andOCT observation: a −0.49 (−0.88 to −0.11), p = 0.01 for tRNFL; −0.26 (−0.52 to 0.01), p = 0.06 for
GCIPL; b −0.53 (−0.87 to −0.19), p = 0.03 for tRNFL; −0.33 (−0.46 to −0.20), p < 0.001 for GCIPL; c −0.55 (−1.22 to 0.13), p = 0.1 for tRNFL; −0.40 (−0.59 to −0.21), p <
0.001 for GCIPL.
* Differences persisted after p value adjustment for control of the false discovery rate in multiple comparisons using the Benjamini-Hochberg approach.
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