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Abstract
Background and Objective
Erythropoietin (EPO) is a candidate neuroprotective drug. We assessed its long-term safety
and efficacy as an adjunct to methylprednisolone in patients with optic neuritis and focused on
conversions to multiple sclerosis (MS).

Methods
The TONE trial randomized 108 patients with acute optic neuritis but without previously
known MS to either 33,000 IU EPO or placebo in conjunction with 1,000 mg methylpred-
nisolone daily for 3 days. After reaching the primary end point at 6 months, we conducted an
open-label follow-up 2 years after randomization.

Results
The follow-up was attended by 83 of 103 initially analyzed patients (81%). There were no
previously unreported adverse events. The adjusted treatment difference of peripapillary retinal
nerve fiber layer atrophy in relation to the fellow eye at baseline was 1.27 μm (95% CI −6.45 to
8.98, p = 0.74). The adjusted treatment difference in low-contrast letter acuity was 2.87 on the
2.5% Sloan chart score (95%CI −7.92 to 13.65). Vision-related quality of life was similar in both
treatment arms (National Eye Institute Visual Functioning Questionnaire median score [IQR]:
94.0 [88.0 to 96.9] in the EPO and 93.4 [89.5 to 97.4] in the placebo group). The rate of
multiple sclerosis–free survival was 38% in the placebo and 53% in the EPO group (hazard
ratio: 1.67, 95% CI 0.96 to 2.88, p = 0.068).

Discussion
In line with the results at 6 months, we found neither structural nor functional benefits in the
visual system of patients with optic neuritis as a clinically isolated syndrome, 2 years after EPO
administration. Although there were fewer early conversions to MS in the EPO group, the
difference across the 2-year window was not statistically significant.

Classification of Evidence
This study provides Class II evidence that for patients with acute optic neuritis, EPO as an adjunct
to methylprednisolone is well tolerated and does not improve long-term visual outcomes.

Trial Registration Information
The trial was preregistered before commencement at clinicaltrials.gov (NCT01962571).
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Optic neuritis is the most common optic neuropathy in young
adults and leads to retinal nerve fiber and ganglion cell layer
thinning. It has a close relationship to multiple sclerosis (MS):
It is the presenting symptom of MS in about 25% of patients,
70% of patients with MS will experience optic neuritis within
the disease course,1 and 50% of patients with optic neuritis
develop MS within 15 years.2 Visual recovery in optic neuritis
is accelerated by high-dose methylprednisolone,3 but no
therapy has been established to improve long-term outcomes.
Thus, as in MS, there remains an unmet need of clinical long-
term neuroprotection.

The role of the visual system in treatment assessment of neuro-
inflammatory diseases has been recently reviewed.4One candidate
neuroprotective agent gaining interest is the human cytokine
erythropoietin (EPO). It crosses the blood-brain barrier5,6 and
confers anti-inflammatory, anti-apoptotic, and neuroprotective
effects in preclinical models of autoimmune neuroinflammation.7

Following ambiguous results from smaller clinical studies,8-10 we
conducted the TONE trial (treatment of optic neuritis with
erythropoietin) to assess retinal ganglion cell neuroprotection.11

The primary endpointwas set at 6months asmost atrophy occurs
in the first 4 months, plateauing thereafter.12 Because conversions
to MS occur within years after optic neuritis,2 we scheduled an
additional long-term open-label assessment 2 years after treat-
ment, the results of which are reported herein. The primary re-
search question was to assess the safety and efficacy of
erythropoietin in improving visual outcomes 2 years after acute
optic neuritis.

Methods
The TONE study protocol,13 baseline characteristics, and the
6-month results11 have previously been described in detail. In
brief summary, 108 patients within 10 days of onset of a first
episode of acute optic neuritis and high-contrast visual acuity
<3/6 in the affected eye were randomized to receive either
placebo (saline solution) or 33,000 IU EPO as an adjunct to
high-dose methylprednisolone daily for 3 consecutive days.
Recruitment took place at 12 German academic tertiary re-
ferral centers between November 25, 2014, and October 9,
2017. Patients with previously known MS were not included,
but conversion as a result of the subsequent neurologic
workup did not lead to exclusion. Patients with positive serum
tests for aquaporin-4 antibodies were excluded.

Outcomes and Procedures
The first primary outcomewas the atrophy of the peripapillary
retinal nerve fiber layer (pRNFL), defined as the change in

pRNFL thickness in relation to the fellow eye at baseline. It
was measured using spectral domain optical coherence to-
mography (OCT) along a peripapillary circle 3.5 mm in di-
ameter. The second primary outcome was low-contrast letter
acuity, measured as the 2.5% Sloan Chart score.

Structural changes were assessed by spectral domain OCT
imaging (Nsite Analytics, version 6.0, and Spectralis-OCT,
Heidelberg Engineering,Heidelberg, Germany), with reporting
in adherence to the APOSTEL 2.0 recommendations.14 They
included the peripapillary RNFL thickness in predefined nasal
superior, superior, temporal superior, temporal inferior, in-
ferior, and nasal inferior sectors and in the papillomacular
bundle, each measured along circles of 3.5 mm, 4.1 mm, and
4.7 mm diameters. The central retina was assessed using the 1/
3/6 mm early treatment of diabetic retinopathy (ETDRS) grid
on volume scans derived from 61 B scans. Each of the 12 study
centers served as an OCT operating site. All OCT scans were
uploaded to the Bern Photographic Reading Center (Bern,
Switzerland), which served as the single grader. Quality control
according to the OSCAR IB15 criteria led to exclusion of 28
central retinal scans and 4 circumpapillary scans. Retinal
layer thicknesses were measured by manual segmentation. The
functional secondary endpoints consisted of high-contrast vi-
sual acuity (measured by ETDRS charts) contrast sensitivity
(Mars charts), and static automated perimetry of the central
60° visual field with recording of the mean defect, the square
root of loss variance, false-positive and false-negative answers.
Electrophysiologic secondary end points were the P100 am-
plitudes and peak times of visually evoked potentials (VEPs).
Neurologic secondary end points were the ExpandedDisability
Status Scale (EDSS) and the time to conversion to MS
according to the 2010 McDonald criteria.16 Vision-related
quality of life was assessed by the German version of the Na-
tional Eye Institute Visual Functioning Questionnaire (NEI-
VFQ). The current report is of the open-label follow-up of the
study cohort, performed 24 months after randomization.

Statistical Analysis
The analysis was conducted in the full analysis set of all ran-
domized patients with optic neuritis who received at least 1
dose of study medication and had at least 1 postinterventional
OCT measurement. The primary and secondary outcomes
were assessed by linear regression models with the outcome
after 24 months as the dependent variable and treatment
assignment, baseline measurement of the fellow eye, and
study site as independent variables. The rates of multiple
sclerosis–free survival and optic neuritis relapse-free survival
were estimated by assigned treatment with the Kaplan-Meier

Glossary
EDSS = Expanded Disability Status Scale; EPO = erythropoietin; ETDRS = early treatment of diabetic retinopathy; NEI-
VFQ = National Eye Institute Visual Functioning Questionnaire; OCT = optical coherence tomography; pRNFL =
peripapillary retinal nerve fiber layer; VEP = visually evoked potential.
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method and an unadjusted Cox proportional hazards model.
Missing data from the 24-month follow-up were addressed by
characterizing the populations who did and did not attend the
follow-up.

Post Hoc Analyses
Postacute changes were defined as the difference in the 24
months and 6 months observations of the study outcomes.
Adjusted treatment differences for such changes were calcu-
lated with linear regression models as described above.

Sample SizeCalculationandStatistical Reporting
The sample size calculation for the TONE trial was based on the
first primary end point at week 26 and has been described in
detail.11,13 The current report of long-term open-label outcomes
is observational and adheres to the STROBE guidelines.17 In the
spirit of the American Statistical Association’s statement on p
values18 and recent addendum,19 we report outcomes as adjusted
treatment differences with 95%CIs. pValues are included for the
main study outcome and rate of MS-free survival to facilitate
comparisons with the results at week 26.

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was approved by the ethics committee of the
University of Freiburg, Germany, and the institutional
review boards of all participating sites. Written informed
consent was obtained from all participating patients. The
trial was preregistered before commencement at clin-
icaltrials.gov (NCT01962571).

Data Availability
Individual participant data of 2-year results, including data
dictionaries, will be made available together with previous
study data of the TONE trial to researchers with a method-
ologically sound proposal.

Results
Patient Characteristics and Compliance With
Long-term Follow-up
The 2-year follow-up was completed by 37/52 patients in the
EPO (71%) and 46/51 patients (90%) in the placebo arm
(Figure 1). The baseline characteristics of these patients were
akin to those of the initial study population (Table 1). Patients
with long-term follow-up had a similar age distribution be-
tween treatment groups. The female:male ratio was approxi-
mately 4:1 in the EPO and 3:1 in the placebo arm. The
median time from onset to treatment was equal in both
groups. Optic disk swelling and pain on eye movements were
slightly more common in the placebo than in the EPO arm, as
was a new diagnosis of MS because of baseline diagnostics.
The pRNFL of the affected eye was on average 9 μm thicker in
the placebo than in the EPO group. Scores for low-contrast
letter acuity were similar.

Patients who did not attend the 2-year visit were slightly
younger than the general study population (median age: 28 vs
30 years) and had a similar sex distribution (69% vs 67%
female). At 6 months, they had less pRNFL atrophy (median:

Figure 1 Patient Flowchart

Neurology.org/NN Neurology: Neuroimmunology & Neuroinflammation | Volume 10, Number 4 | July 2023 3

http://www.clinicaltrials.gov/
http://www.clinicaltrials.gov/
http://neurology.org/nn


5.5 μm vs 11 μm) but similar low-contrast visual acuity
compared with the general study population (median 56 on
the 2.5% Sloan chart score in both groups). Dropouts who
had received EPO had worse low-contrast letter acuity at
month 6 compared with placebo recipients who dropped out
(median 54 vs 61) but similar pRNFL atrophy (median 6 μm
vs 5 μm). The median age of dropouts in the EPO group was
higher than in the placebo group (28 years vs 22 years); the
sex distribution of dropouts was similar between treatment
arms (data not shown).

Safety
In patients with available long-term data, no previously un-
reported severe adverse events occurred.

Long-term Outcome
At 24 months, the amount of pRNFL atrophy was similar
between treatment groups (adjusted treatment difference:
1.27 μm, 95% CI −6.45 to 8.98, p = 0.74), as was low-contrast
letter acuity (adjusted treatment difference: 2.87 on the 2.5%
Sloan chart score, 95% CI −7.92 to 13.65) (Figure 2). All
secondary psychophysical and structural outcomes were
similar between the treatment groups (Table 2, Figure 2). The
rate ofMS diagnosis-free survival is depicted in Figure 3. At 24
months, the rate was 0.38 in the placebo and 0.53 in the EPO
group (hazard ratio: 1.67, 95% CI 0.96–2.88, p = 0.068). Of
note, the 2 survival curves separated early within the first 3
months after optic neuritis and continued in parallel thereafter

(Figure 3). Optic neuritis relapses occurred in 4 EPO and 3
placebo recipients. The optic neuritis relapse-free rate at 24
months was 0.9 in the EPO and 0.94 in the placebo group
(hazard ratio: 0.69, 95% CI 0.15–3.08). Vision-related quality
of life was similar in both trial arms (Table 2).

Postacute Changes
Compared with the 6-month observations, patients in both
treatment arms had continued structural atrophy but func-
tional improvement. Improved function was seen in both
treatment arms in low-contrast letter acuity and VEP peak
times, whereas VEP amplitudes, high-contrast visual acuity,
and visual fields did not change. Continued but limited
structural atrophy was observed for pRNFL thickness and
macular volume in both treatment arms and combined gan-
glion cell and inner plexiform layer (GC/IPL) volume in
placebo recipients. EPO recipients had a higher gain in low-
contrast letter acuity (adjusted treatment difference: 7.02 on
the 2.5% Sloan chart score, 95% CI 1.58–12.47) and less
reduction of GC/IPL volume (adjusted treatment difference:
0.06, 95% CI 0.01–0.1) compared with patients in the placebo
group (Table 3).

Discussion
High-dose erythropoietin did not result in long-term im-
provement in functional or structural outcomes in the visual

Table 1 Baseline Characteristics of the Entire TONE Trial and of PatientsWhoWent on to Attend the 24-Month Follow-up,
by Treatment Group

Baseline characteristics
of the TONE trial

Baseline characteristics of patients
who attended the long-term follow-up

EPO group (n = 52) Placebo group (n = 51) EPO group (n = 37) Placebo group (n = 46)

Agea 30 (25–36) 30 (26–37) 30 (25–36) 30 (27–37)

Sexb

Female 38 (73%) 33 (65%) 27 (73%) 29 (63%)

Male 14 (27%) 18 (35%) 10 (27%) 17 (37%)

Time from onset to treatment, daysa 6 (5–8) 7 (5–8) 6 (4–7) 6 (4–7)

Pain on eye movementsb 40 (77%) 44 (86%) 28 (76%) 41 (89%)

Optic disk swelling in the affected eyeb 10 (19%) 13 (25%) 8 (22%) 13 (29%)

New diagnosis of multiple sclerosisb 7 (13%) 11 (22%) 2 (5%) 8 (17%)

pRNFL thickness (3.5 mm), μmc

Affected eye 112.5 ± 26.2 116.8 ± 36.5 110.1 ± 20.2 119.0 ± 37.7

Fellow eye 101.3 ± 11.9 99.1 ± 12.0 101.7 ± 12.5 99.7 ± 12.4

LCLA, 2.5% Sloan chart scorea

Affected eye 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0)

Fellow eye 68.0 (59.0–70.0) 66.0 (58.0–71.0) 68.0 (62.0–71.0) 66.5 (58.8–71)

Abbreviations: LCLA = low-contrast letter acuity; pRNFL = peripapillary retinal nerve fiber layer.
Data are a: median (IQR), b: n (%), or c: mean ± SD, as indicated by the superscript in the first column.
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pathway of patients with acute optic neuritis. In the postacute
phase, patients in both treatment arms showed continuous
but mild improvement in low-contrast letter acuity and VEP
peak times, whereas structural measures continued to de-
teriorate. This postacute structural-functional discrepancy has
previously been observed20 and is consistent with recent
observations.21,22 It is likely to result from a resolution of
conduction block by mechanisms of repair and remyelination
resulting in increased function, while the neuroaxonal loss
does not recover but slowly continues. Compared with pa-
tients in the placebo group, EPO recipients presented better
trajectories in 2.5% low-contrast letter acuity and, less pro-
nounced, GC/IPL atrophy between 6 and 24 months, pos-
sibly due to the lower percentage of patients with MS in the
EPO group. However, there was no long-term visual benefit of
EPO therapy as outcomes at 24 months were equal between
treatment arms.

A notable result at the 6-month end point of the TONE trial
was a difference in MS-free survival favoring the EPO group
(p = 0.032 for the 6-month interval11). We previously stated
that this finding might be explained by baseline imbalances of
previous (undiagnosed) MS or predisposing factors, an effect
of EPO on subclinical lesions and gadolinium enhancement
outside the visual system, or a combination thereof. With 2

years’ follow-up, the difference between treatment groups did
not increase further and lost statistical significance (p = 0.068,
Figure 3). This observation would be in line with both
baseline imbalances or with an effect of EPO, as any treatment
effect would likely be limited in time and, once worn off, lead
to a similar rate of MS conversion. The fact that similar ob-
servations were made in the Vision Protect study,8 which
included 40 patients with an intervention protocol similar to
TONE, argues against baseline imbalances in TONE and for a
true effect of EPO. In Vision Protect, standardized MRI was
performed at baseline, week 4, week 8, and week 16. Here,
subsequent conversions from clinically isolated syndrome to
MS occurred more frequently in the placebo than in the EPO
group, with a pronounced difference in early conversions.23 A
smaller trial reported randomized 10 patients with optic
neuritis as a clinically isolated syndrome and at least 3 hy-
perintense lesions on T2-weighted and fluid-attenuated in-
version recovery (FLAIR)MRI to either 209000 IE EPO/d or
placebo as an adjunct to methylprednisolone pulse therapy for
5 days. One patient in the placebo group and no patients in
the EPO group fulfilled the McDonald criteria for the di-
agnosis of MS within 1 year.24 The same treatment protocol
was used in a randomized study comprising 20 participants
with a severe motor relapse of relapsing-remitting MS (RR-
MS), reported by Varzaneh and colleagues. Over a follow-up

Figure 2 Visual Outcomes by Treatment Group

(A) Retinal nerve fiber layer thickness in
the affected eye. (B) Low-contrast letter
acuity in the affected eye. Data are
shown for the baseline visit, the pri-
mary end point at 26 weeks, and the
long-term follow-up at 24months. Dots
are individual data points; horizontal
bars are medians, and boxes are
interquartile ranges. Whiskers extend
to the largest/smallest value no further
than 1.5 * IQR from the hinge.
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of 3 months, the authors observed lower ambulatory index
and EDSS values and fewer hyperintense lesions on T2-
weighted MRI in EPO recipients compared with patients in
the placebo group.25 Most recently, a randomized controlled
trial including 50 patients with progressive, primary, or sec-
ondary MS found no significant treatment effect of weekly

then biweekly application of high-dose (489000 IU) EPO on a
composite outcome of hand dexterity, maximum gait distance,
and cognition.26 Taken together and considering the pre-
clinical evidence, a limited case might be made for beneficial
systemic effects of EPO in acute but not chronic activity of
clinical or preclinical demyelinating disease.

Table 2 Outcomes at Month 24, by Treatment Group

EPO group Placebo group

Eye n Mean ± SD n Mean ± SD
Adjusted treatment
difference (95% CI)

pRNFL atrophy in the affected eyea, μm 36 20.81 ± 17.19 41 19.02 ± 16.71 1.27 (−6.45 to 8.98)b

LCLA, 2.5% Sloan chart score Affected eye 37 52.76 ± 26.00 45 50.13 ± 22.28 2.87 (−7.92 to 13.65)

Unaffected eye 37 66.54 ± 14.27 45 66.22 ± 9.55 —

Contrast sensitivity, log Affected eye 37 1.57 ± 0.29 45 1.54 ± 0.41 0.04 (−0.13 to 0.20)

Unaffected eye 37 1.70 ± 0.16 45 1.72 ± 0.15 —

HCVA, letters ETDRS Affected eye 37 86.38 ± 13.99 45 81.76 ± 21.61 3.95 (−3.85 to 11.74)

Unaffected eye 37 92.43 ± 4.33 45 90.53 ± 6.60 —

pRNFL thickness, global, μm Affected eye 36 81.5 ± 19.4 43 80.7 ± 18.9 −1.27 (−8.98 to 6.45)

Unaffected eye 35 99.9 ± 12.4 43 97.4 ± 13.1 —

pRNFL thickness, temporal sector, μm Affected eye 36 49.9 ± 17.2 43 50.9 ± 19.0 0.50 (−6.65 to 7.65)

Unaffected eye 35 66.3 ± 12.4 43 69.3 ± 15.9 —

pRNFL thickness, papillomacular bundle, μm Affected eye 36 37.8 ± 11.7 41 38.8 ± 13.2 −1.29 (−6.98 to 4.40)

Unaffected eye 35 49.3 ± 8.4 42 50.2 ± 9.7 —

Macular volume, mm3 Affected eye 35 8.20 ± 0.39 42 8.24 ± 0.39 −0.02 (−0.17 to 0.13)

Unaffected eye 36 8.62 ± 0.31 44 8.65 ± 0.37 —

GCL volume, mm3 Affected eye 35 0.88 ± 0.17 42 0.87 ± 0.14 0.01 (−0.06 to 0.08)

Unaffected eye 36 1.07 ± 0.11 44 1.06 ± 0.11 —

GC/IPL volume, mm3 Affected eye 35 1.66 ± 0.26 42 1.63 ± 0.23 0.01 (−0.1 to 0.13)

Unaffected eye 36 1.96 ± 0.18 44 1.94 ± 0.18 —

Perimetric mean defect, dB Affected eye 27 3.8 ± 5.0 37 4.0 ± 5.2 −0.03 (−2.68 to 2.62)

Unaffected eye 27 1.8 ± 2.3 37 1.6 ± 1.7 —

VEP peak times, ms Affected eye 35 116.9 ± 18.4 44 117.0 ± 21.7 1.73 (−7.36 to 10.83)

Unaffected eye 36 107.2 ± 13.6 44 107.9 ± 14.1 —

VEP amplitude, μV Affected eye 35 9.89 ± 5.88 43 9.76 ± 5.38 0.69 (−1.13 to 2.51)

Unaffected eye 36 11.80 ± 5.99 44 11.47 ± 5.06 —

n Median (IQR) n Median (IQR)

Vision-related QoL, NEI-VFQ overall score 36 94 (88.0–96.9) 44 93.4 (89.5–97.4) —

EDSS score 37 0 (0–0) 46 0 (0–2) −0.38 (−0.81 to 0.06)

Abbreviations: EDSS = ExpandedDisability Status Scale; GC/IPL = ganglion cell and inner plexiform layer; GCL = ganglion cell layer; HCVA = high-contrast visual
acuity; LCLA = low-contrast letter acuity; NEI-VFQ = National Eye Institute Visual Function Questionnaire; pRNFL = peripapillary retinal nerve fiber layer; QoL =
quality of life; VEP = visually evoked potential.
Treatment estimates (EPO vs placebo)were calculated by linear regressionmodelswith the baselinemeasurement of the fellow eye and treatment site as covariates.
a Only the affected eye is reported as atrophy was defined in relation to the unaffected eye baseline value.
b p = 0.744.
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The long-term data of this study are limited by possible
biases introduced by losses to follow-up. The higher per-
centage of males, patients with MS, and optic disk swelling
in placebo recipients may point toward more severe disease
in this group. However, if so, such a bias would likely have
exacerbated, not masked, any treatment differences. Data
onMS conversions in the TONE trial should be interpreted

cautiously due to baseline differences and lack of stan-
dardized MR imaging. Other limitations of this study
have been previously discussed and include the unknown
influence of previous subclinical disease activity and
trans-synaptic retrograde degeneration and the possible
inclusion of a small number of patients with anti–MOG-
related optic neuritis.

Figure 3 Kaplan-Meier Plot of Multiple Sclerosis–Free Survival by Treatment Group

Diagnoses were made by the 2010 McDonald criteria. Ver-
tical bars depict censored data. Dashed lines indicate the
95% CI of estimated MS-free survival. HR = hazard ratio.

Table 3 Postacute Changes in the Visual System, by Treatment Group (Post Hoc Analysis)

EPO group Placebo group

Parameter
Mean unadjusted
postacute change (SD)

Percent
change

Mean unadjusted
postacute change (SD)

Percent
change

Adjusted treatment
difference (95% CI)

LCLA, 2.5% Sloan chart score 7.17 (13.19) 14.5 1.71 (11.47) 3.5 7.02 (1.58 to 12.47)

Contrast sensitivity, log 0.03 (0.20) 1.8 0.00 (0.21) 0.3 0.02 (−0.07 to 0.11)

HCVA, score 2.09 (5.96) 2.4 −2.80 (13.13) −3.3 4.43 (−0.24 to 9.1)

pRNFL thickness, global, μm −2.21 (3.00) −2.6 −4.05 (5.92) −4.8 1.77 (−0.56 to 4.09)

pRNFL thickness, temporal
sector, μm

−1.06 (2.47) −2 −2.81 (8.21) −5.2 1.42 (−1.54 to 4.39)

pRNFL thickness, papillomacular
bundle, μm

−1.29 (2.41) −3.3 −0.95 (5.08) −2.4 −0.21 (−2.22 to 1.81)

Macular volume, mm3 −0.05 (0.09) −0.6 −0.11 (0.18) −1.3 0.05 (−0.01 to 0.12)

GCL volume, mm3 0.00 (0.04) 0.5 −0.03 (0.07) −3.3 0.03 (0.01 to 0.06)

GC/IPL volume, mm3 0.01 (0.07) 0.6 −0.05 (0.12) −3.0 0.06 (0.01 to 0.1)

Perimetric mean defect, dB 0.39 (3.62) 16.1 0.32 (2.02) 8.6 0.21 (−1.06 to 1.47)

VEP peak time, ms −4.06 (7.92) −3.4 −1.83 (17.64) −1.5 −1.85 (−9.06 to 5.36)

VEP amplitude, μV 0.55 (4.94) 5.7 0.99 (4.51) 11.2 −0.35 (−2.6 to 1.9)

Abbreviations: EDSS = ExpandedDisability Status Scale; GC/IPL = ganglion cell and inner plexiform layer; GCL = ganglion cell layer; HCVA = high-contrast visual
acuity; LCLA = low-contrast letter acuity; pRNFL = peripapillary retinal nerve fiber layer; VEP = visually evoked potential.
Postacute changes were defined as the differences in the 24- and 6-month observations of the study outcomes. Percent change refers to the 24- vs the 6-month
observations. Treatment estimateswerecalculatedby linear regressionmodelswith thebaselinemeasurementof the felloweyeand treatment site as covariates.
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In conclusion, the open-label follow-up of the TONE trial
provides Class II evidence that high-dose erythropoietin as an
adjunct to methylprednisolone does not improve long-term
visual outcomes in acute optic neuritis. Its efficacy in systemic
demyelinating disease remains unclear and warrants further
investigation.
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8. Sühs K-W, Hein K, Sättler MB, et al. A randomized, double-blind, phase 2 study of
erythropoietin in optic neuritis. Ann Neurol. 2012;72:199-210. doi:10.1002/ana.23573

9. Soltan Sanjari M, Pakdel F, Moosavi F, et al. Visual outcomes of adding erythropoietin
to methylprednisolone for treatment of Retrobulbar optic neuritis. J Ophthalmic Vis
Res. 2019;14(3):299-305. doi:10.18502/jovr.v14i3.4786

10. Shayegannejad V, Shahzamani S, Dehghani A, Dast Borhan Z, Rahimi M, Mirmo-
hammadsadeghi A. A double-blind, placebo-controlled trial of adding erythropoietin
to intravenous methylprednisolone for the treatment of unilateral acute optic neuritis
of unknown or demyelinative origin. Graefes Arch Clin Exp Ophthalmol. 2015;253(5):
797-801. doi:10.1007/s00417-014-2925-7
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