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Abstract: Many studies have demonstrated the usefulness of some optical coherence tomography
(OCT) parameters, like total macular volume (TMV) and retinal nerve fiber layer thickness (RNFL-T),
for monitoring patients with multiple sclerosis (MS). However, there are no real-world, long-term
studies on patients with relapsing-remitting MS (RR-MS) treated with fingolimod. Therefore,
the purpose of this study was to describe retinal changes associated with fingolimod therapy during
a two-year follow-up while considering previous episodes of optic neuritis (ON). Patients diagnosed
with RR-MS and treated with fingolimod (46 in total) underwent a two-year follow-up. Based on
previous ON history, we identified 16 ON+ and 30 ON− patients. The ophthalmological evaluations,
including visual field (VF) examination and OCT, were performed at a baseline at 3–6, 12 and
24 months to evaluate the progression rate for each parameter. When analyzing the whole sample,
OCT showed no cases of macular edema. Instead, we observed a significant reduction rate in
the central retinal thickness (CRT) (p < 0.001), TMV (p < 0.001) and RNFL (p < 0.05). Moreover,
we observed a significant difference in the progression rate between ON+ and ON− patients, relative to
the VF and RNFL (p < 0.05) examinations. OCT highlighted a significant progression rate of retinal
damage in MS patients despite fingolimod therapy, especially in MS ON+ patients.

Keywords: optical coherence tomography; fingolimod; multiple sclerosis; total macular volume;
central retinal thickness; peripapillary retinal nerve fiber layer; annual progression rate

1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory, demyelinating and degenerative disease of the
central nervous system which mostly affects females, with an age of onset between 20 and 45 years.
MS shows an extremely variable clinical and temporal evolution [1,2]. The visual disturbances that
MS patients frequently experience include visual acuity (VA) reduction, altered contrast sensitivity,
visual field (VF) abnormalities, dyschromatopsia and diplopia. A frequent acute neuro-ophthalmological
manifestation of the disease is represented by the optic neuritis (ON) that occurs in ~20% of MS patients
as a first clinical manifestation and in more than 60% of cases during the course of the disease [3–6].
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The etiology of MS is still largely unknown; however, a key pathogenic aspect is represented by
the peripheral activation and proliferation of autoimmune myelin-targeted lymphocytes [7,8].

Currently, many disease-modifying therapies have been approved for the treatment of MS [9,10].
Among them, fingolimod, the first oral drug, was approved in 2010 after showing positive results in
two phase III randomized clinical trials conducted on relapsing-remitting MS (RR-MS) patients [11,12].
Fingolimod is a pro-drug that, after phosphorylation, acts as a modulator of the sphingosine1-phosphate
receptor by reducing the exit of lymphocytes from lymphoid tissues and consequent self-aggression
into the central nervous system [13,14].

A rare ocular side effect related to fingolimod is macular edema (ME), which is detectable through
optical coherence tomography (OCT) with an incidence of 0.3–1.2% [15–18].

OCT is a non-invasive imaging technique that uses low-coherence light to acquire micrometer-
resolution, two-dimensional and three-dimensional images of ocular structures. OCT has now become
indispensable in clinical practice, being particularly useful in monitoring both the progress of MS
and therapy, allowing for the early identification of anatomical alterations, clearly visible after the
introduction of the high-resolution spectral domain (SD) technique, and even more visible if OCT is
combined with other retinal imaging techniques [19–22].

To date, many clinical studies have demonstrated the usefulness of assessing, by OCT, the retinal
nerve fiber layer thickness (RNFL-T) and the total macular volume (TMV) in patients with MS,
considering the reduction of these parameters as biomarkers of disease progression [18,23–27]. Instead,
in RR-MS patients treated with fingolimod, there are no long-term studies that analyze macular and
RNFL changes and assess the effect of these retinal changes on VA, low-contrast letter acuity (LCLA)
and VF. Therefore, the purpose of this work was to describe the long-term anatomical and functional
retinal changes observed in RR-MS patients which started on fingolimod and were followed for two
years, also taking into account the effect of previous ON.

2. Methods

Consecutive RR-MS patients, which started fingolimod at 0.5 mg/day, underwent a two-year
follow up, including neurological and ophthalmological assessments at the MS Center of the I Division
of Neurology and the eye clinic of the University of Campania Luigi Vanvitelli. The study adhered to
the tenets of the Declaration of Helsinki.

Patients had to have a diagnosis of RR-MS [28] and no relapses or steroid treatment within
the month prior to baseline and follow-up assessments. Clinical disability was evaluated with the
expanded disability status scale (EDSS) [29].

Systemic exclusion criteria were taking steroids during the follow-up and diabetes for possible
retinal complications. Ophthalmological exclusion criteria were cataracts and any ocular opacities
that interfere with VA, glaucoma, ocular hypertension, age-related macular degeneration, diabetic
retinopathy, uveitis, high myopia with macular complications, vitreoretinal interface disorders,
retinal vascular occlusions, hereditary retinopathies, ocular interventions within the last 6 months and
any previous episodes of inflammation or damage of the optic nerve due to diseases other than MS.

In order to prevent bias, particularly of the patients’ attrition, patients were not excluded because
of missing time points, and the missing data were addressed as described below. We included all
the patients with a baseline assessment from September 2013 to March 2018. No formal sample size
computation was performed.

The entire cohort was also divided on the basis of the previous history of ON, and we identified
16 patients with ON histories (ON+) and 30 patients without ON histories (ON−). Among the NO+

patients, those with episodes of ON, occurring both in the 6 months prior to enrollment and during the
study, were excluded.
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3. Eye Examination

The ophthalmological examination included the following tests: best-corrected VA (BCVA), LCLA,
slit-lamp biomicroscopy, Goldmann tonometry, VF and SD-OCT. In both groups, all ophthalmological
tests were performed at baseline, 3–6 months, 12 months and 24 months.

BCVA was measured according to the Early Treatment Diabetic Retinopathy Study (ETDRS) chart
at 2 m, which was converted to a logarithm of the minimum angle of resolution (logMar) for statistical
analysis [30].

LCLA was investigated using low-contrast Sloan letter chart (Precision Vision). The contrast
levels used in this paper were 5%, 2.5% and 1.25% like in previous MS trials [31,32].

The VF examination was performed with a computerized, automatic static perimeter with the
Humphrey Field Analyzer (HFAII; Swedish Interactive Thresholding Algorithm (SITA) standard;
Carl Zeiss Meditec Inc., Dublin, CA, USA). The Full Threshold strategy that examines a 30◦ field of
view on 76 points (test SITA standard 30–2) was used [33,34].

The central retinal thickness (CRT), TMV, peripapillary RNFL-T (pRNFL-T), neuroretinal rim
thickness (NRR-T) and RNFL 4 quadrants thickness were evaluated by SD-OCT (Cirrus HD-OCT 4000;
Carl Zeiss Meditec, Inc, Dublin, Ireland, CA). This commercial SD-OCT uses a superluminescent diode
with a wavelength of 840 nm as an optical source. It has a scanning speed of 27,000 A-scans per second,
an A-scan depth of 2.0 mm (in the tissue), an axial resolution of 5 µm and a transverse resolution of
15 µm (in the tissue). Macular scans were obtained with the macular cube 512 × 128 mode. For the
optic nerve analysis, we instead used the optic disc cube 200 × 200 mode. The value of each parameter
was automatically calculated by the SD-OCT machine and automatically compared to reference values
from an age- and sex-matched population included in the software.

4. Statistical Analysis

Continuous variables are reported as mean ± standard error of the mean and categorical variables
are reported as count (frequency). Repeated-measure regression, estimated by a generalized estimating
equations (GEE), was fitted on the longitudinal data to estimate the mean rate of change per year
of follow-up for each of the parameters, both in the whole cohort and in the two ON+ and ON−
subgroups, comparing them. GEE were adopted since this method can deal with inter-eye correlation,
correlation between repeated measurement over the follow-up and missing data of some visits (i.e.,
24-month visit were not performed for 10 patients).

p Values < 0.05 were considered statistically significant. Statistical analysis was performed by
IBM SPSS Statistics Version 21.0.0.0.

5. Results

Forty-six patients (27 females, 19 males, mean age of 36.9 ± 1.8 years, range 22–69) with average
disease durations of 7.2 ± 0.9 years were included in this study.

The baseline ophthalmological characteristics of the whole sample are reported in Table 1, while
baseline OCT parameters are summarized in Table 2.

Table 1. Ocular findings in relapsing-remitting multiple sclerosis (RR-MS) patients at baseline.

Parameter Mean (SEM)

BCVA (logMar) 0.18 (0.02)
LCLA 5% (letters) 37.36 (1.24)

LCLA 2.5% (letters) 26.85 (1.47)
LCLA 1.25% (letters) 15.14 (1.47)

VF-MD (dB) −4.37 (0.6)

RR-MS = relapsing-remitting multiple sclerosis; BCVA = best-corrected visual acuity; LCLA = low-contrast letter
acuity; VF–MD = visual field–mean deviation; SEM = standard error of the mean; dB = decibels.
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Table 2. Optical coherence tomography (OCT) parameters in RR-MS patients at baseline.

Parameter Mean (SEM)

TMV (mm3) 9.84 (0.07)
CRT (µm) 254.44 (2.5)

pRNFL-T (µm) 118.65 (3.27)
Superior quadrant (µm) 106.55 (2.14)

Nasal quadrant (µm) 66.01 (1.52)
Inferior quadrant (µm) 109.84 (2.35)

Temporal quadrant (µm) 54.69 (1.47)
NRR-T (µm) 432.4 (17.78)

OCT = optical coherence tomography; TMV = total macular volume; CRT = central retinal thickness;
pRNFL-T = peripapillary retinal nerve fiber layer thickness; NRR-T = neuroretinal rim thickness; µm = micrometers;
mm3 = cubic millimeters.

Longitudinal analysis did not show statistically significant progression of the EDSS (average
annual rate: −0.14 ± 0.1; p = 0.157). No patients progressed from RR-MS to secondary progressive MS
or had relapses, including ON, during the follow-up.

VA parameters did not show significant progression during the follow-up. In fact, the BCVA
(expressed in logMar) showed an annual rate of −0.02 ± 0.01, which indicates an improvement in
1 ETDRS letter, which is not clinically significant. The 5% LCLA did not have a significant average
annual progression rate (+2.33 ± 1.23 letters). However, the 2.5% LCLA and 1.25% LCLA showed slight
improvements, though not clinically significant, with an average annual rate of +3.48 ± 0.45 letters
and +0.52 ± 1 letters, respectively.

In the entire cohort, for the visual field–mean deviation (VF–MD), the progression rate per year
was −0.14 ± 0.17 dB, which was not statistically significant (p = 0.433).

The OCT assessment did not show cases of ME related to fingolimod therapy. However,
by analyzing the macular parameters in the whole cohort, we observed a statistically significant
reduction in CRT, with an average annual rate of −1.81 ± 0.41 µm (p < 0.001), and in TMV, with an
average annual rate of −0.1 ± 0.01 mm3 (p < 0.001). Furthermore, there was a statistically significant
reduction in pRNFL-T, with an average rate of −3.3 ± 0.51 µm/year (p < 0.001). Finally, the average
RNFL 4 quadrants thickness in each sector also significantly decreased (p < 0.05) over the follow-up,
compared to the baseline. The average annual progression rates of the selected OCT parameters are
summarized in Table 3.

Table 3. Longitudinal analysis of the OCT parameters in RR-MS patients.

Parameter Average Annual Rate (SEM) p-Value

TMV (mm3) −0.1 (0.01) <0.001
CRT (µm) −1.81 (0.41) <0.001

pRNFL-T (µm) −3.3 (0.51) <0.001
Superior quadrant (µm) −2.67 (0.37) <0.001

Nasal quadrant (µm) −1.19 (0.36) 0.001
Inferior quadrant (µm) −2.31 (0.39) <0.001

Temporal quadrant (µm) −0.78 (0.28) 0.005
NRR-T (µm) −12.79 (5.57) 0.021

Values in bold indicate significant change (p values < 0.05).

Moreover, we analyzed the annual progression rates in the two subgroups, and we observed that
the ON+ patients showed, for most OCT parameters, a statistically faster progression rate during the
follow-up, compared with ON− patients (p < 0.05) (Figures 1 and 2) (Table 4).
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Figure 1. RNFL longitudinal analysis in a selected multiple sclerosis (MS) ON− patient. Figure 1 
shows no significant changes in retinal nerve fiber layer thickness (RNFL-T) at various time points in 
a selected MS ON− patient. In fact, in the colorimetric maps related to the RNFL-T in the 
peripapillary quadrants (S = superior; N = nasal; I = inferior; T = temporal), performed both 1 year 
and 2 years after the study baseline, a shift towards warmer colors (e.g., red), which is indicative of a 
significant thinning of the RNFL, is not observed. 

 
Figure 2. RNFL longitudinal analysis in a selected MS ON+ patient. Figure 2 shows progressive and 
significant RNFL thinning during the follow-up in a selected MS ON+ patient. In fact, in the right eye 
colorimetric map, a significant thinning of the RNFL in the superior peripapillary quadrant is 
observed, as indicated by the color change toward red, which is appreciable both 1 year and 2 years 
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Figure 1. RNFL longitudinal analysis in a selected multiple sclerosis (MS) ON− patient. Figure 1 shows
no significant changes in retinal nerve fiber layer thickness (RNFL-T) at various time points in a selected
MS ON− patient. In fact, in the colorimetric maps related to the RNFL-T in the peripapillary quadrants
(S = superior; N = nasal; I = inferior; T = temporal), performed both 1 year and 2 years after the study
baseline, a shift towards warmer colors (e.g., red), which is indicative of a significant thinning of the
RNFL, is not observed.
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Figure 2. RNFL longitudinal analysis in a selected MS ON+ patient. Figure 2 shows progressive and
significant RNFL thinning during the follow-up in a selected MS ON+ patient. In fact, in the right eye
colorimetric map, a significant thinning of the RNFL in the superior peripapillary quadrant is observed,
as indicated by the color change toward red, which is appreciable both 1 year and 2 years after the
baseline. Similarly, in the left eye, the RNFL-T significantly decreases (turns red) in the temporal
peripapillary quadrant at 2 years.

In particular, we found more evident differences in relation to the pRNFL-T, which decreased at
a mean rate of −3.5 ± 0.55 µm/year in ON+ patients (p = 0.001), while in ON− patients the change
was not statistically significant, being −0.54 ± 1.39 µm/year (p = 0.696). Similarly, as summarized
in Table 4, we observed a significant reduction in RNFL-T in the superior and inferior quadrants of
approximately 3 µm/year in ON+ patients (p < 0.001), while the changes during the follow-up were not
statistically significant in ON− patients (p = 0.339; p = 0.431, respectively). Finally, the ON+ patients
showed statistically significant progression in the average annual rate of the NRR-T of−36.59 ± 2.74 µm
(p < 0.001), compared with the ON− patients, who instead showed a reduction rate that was not
statistically significant of −3.26 ± 8.44 µm/year (p = 0.699) (Table 4).
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Table 4. Annual change rates of the OCT parameters in optic neuritis (ON)− and ON+ patients.

Parameter
ON− Patients ON+ Patients ON+ vs. ON−

Annual Rate (SEM) p-Value Annual Rate (SEM) p-Value p-Value

TMV (mm3) −0.05 (0.04) 0.231 −0.1 (0.01) <0.001 0.145
CRT (µm) −0.8 (0.57) 0.162 −2.41 (0.63) <0.001 0.06

pRNFL-T (µm) −0.54 (1.39) 0.696 −3.5 (0.55) <0.001 0.049
Superior quadrant (µm) −0.66 (0.69) 0.339 −3.21 (0.28) <0.001 0.001

Nasal quadrant (µm) −1.33 (0.77) 0.084 −1.15 (0.42) 0.007 0.835
Inferior quadrant (µm) −0.54 (0.68) 0.431 −3.01 (0.47) <0.001 0.003

Temporal quadrant (µm) 0.23 (0.72) 0.753 −0.9 (0.34) 0.008 0.158
NRR-T (µm) −3.26 (8.44) 0.699 −36.59 (2.74) <0.001 <0.001

Values in bold indicate significant difference (p values < 0.05). ON+ = patients with previous history of optic neuritis;
ON− = patients without previous history of optic neuritis.

Regarding the EDSS and visual parameters, we did not find significant differences between the
two subgroups. Instead, relative to the VF–MD, ON+ patients showed a significant reduction of
−0.58 ± 0.24 dB/year, whereas the ON− patients showed a significant increase of +0.35 ± 0.08 dB/year,
and the difference between the two groups was statistically significant (p < 0.001).

6. Discussion

In this two-year longitudinal retrospective study, we assessed the changes of retinal morphology
through a multimodal approach, including OCT, BCVA, LCLA and VF, in 46 RR-MS patients treated
with fingolimod. Fingolimod phase two and three randomized clinical trials reported dose-dependent
and time-dependent risks (with higher risk within the first 3–4 months) of the development of ME,
ranging from 0.3% to 1.2% [11,12]. Fingolimod-associated ME has also been observed to be more
frequent in the case of coexistence with systemic pathologies such as diabetes or inflammatory ocular
pathologies (e.g., uveitis) [35].

The present study has a longer follow-up compared to previous reported real-world studies,
but similar to the latter, it reports no cases of ME [16,36].

Regarding the BCVA in the whole sample, in accordance with previous studies [15,36], we observed
a stability and an improvement rate that was not clinically significant, being less than 10 ETDRS letters
(2 lines) on average, which is considered the cutoff for this test.

According to previous studies, we observed a stability and a non-clinical improvement in the
entire cohort, relative to the LCLA and VF–MD.

In our study, the OCT assessment was not only focused on ME screening, but also on the variation
of both macular (CRT and TMV) and optic nerve fiber parameters (pRNFL-T, NRR-T and RNFL-T
4 quadrants), analyzing their progression rates during the 2-year follow-up. Finally, we also assessed
the differences in annual progression rates between ON+ and ON− patients.

The TMV and CRT have also been analyzed in some previous real-life studies conducted on
patients with RR-MS and on therapy with fingolimod. In one of these papers, with a study conducted
on 23 patients, Fruschelli et al. did not identify statistically significant changes in terms of TMV or CRT,
both during the study and at the end of the 12-month follow-up, regardless of the presence of previous
ON [32]. In our study, considering the whole sample, we recorded a statistically significant reduction
rate of both the CRT and TMV during the follow-up. By comparing the progression rate between the
two subgroups considered, we did not detect significant differences in relation to the CRT and the TMV
during the 2-year follow-up. However, we observed an average thinning rate of the CRT and the TMV,
which was more accentuated in ON+ patients than in ON− patients. This assumes that, although in
therapy, these patients are subject to a more rapid deterioration of macular cell populations.

Furthermore, regarding optic disk parameters, there is only one short-term study (with a 5-month
follow-up) conducted in RR-MS patients treated with fingolimod that showed a stability of RNFL parameters
during the follow-up [15]. Contrariwise, when analyzing our longer follow-up data, we observed a
statistically significant reduction rate of all RNFL parameters. Moreover, our data demonstrate an annual
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thinning rate of the pRNFL that was more pronounced in ON+ patients. The greatest difference was
relative to the NRR-T. This difference was probably determined by the existence of a possible phenotype
related more closely to eye damage, which was already evident before the start of therapy.

Furthermore, when comparing our data on the RNFL annual progression rate with other studies
on patients with RR-MS and undergoing therapy other than fingolimod, there are not many studies.
Among these, one of the most significant, in terms of the number of patients and duration of the
follow-up, highlighted a higher rate of RNFL thinning in ON+ patients, as reported in our results.
However, unlike our data, ON− patients presented statistically significant annual change rates [36].

Therefore, for the first time in the literature, in a cohort of RR-MS patients treated with fingolimod,
we observed that the previous history of ON was associated with a faster progression of RNFL
parameters, suggesting a greater risk of axonal loss.

However, more studies are needed, as this study has some limitations like a relatively small sample
size and the lack of an age-matched group of normal-sighted subjects to compare the progression of
the parameters.

7. Conclusions

This long-term study, unlike previous real-life studies, showed significant progression rates of
retinal and optic disc damage, detectable through OCT, in MS patients treated with fingolimod during
a two-year follow-up. These retinal changes were more pronounced in MS ON+ patients, probably
due to the existence of a more severe disease pattern characterized by previous episodes of ON and,
consequently, greater ocular involvement.

Finally, this study underlined the usefulness of OCT in monitoring MS patients, especially ON+

patients, allowing for early detection of retinal damage.
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