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BACKGROUND: Leber hereditary optic neuropathy (LHON) poses a significant burden to patients, with the majority not showing
significant spontaneous improvement in their vision. The recent validation of idebenone as a therapy provides some avenue for
benefit for patients with LHON in Wales, where it has been approved for use within the NHS.

METHODS: From March 2021, all patients being seen in a tertiary referral clinic and diagnosed with LHON by targeted genetic
testing were offered treatment with idebenone and commenced on idebenone as part of standard care. For such patients, their
clinical records were used to collect demographic and outcome data. Visual acuity was analysed for clinically relevant recovery
(CRR), defined as improvement from ‘off-chart’ to ‘on-chart’ or ‘on-chart’ improvement of at least 10 letters.

RESULTS: A total of 12 (67% male) individuals were treated with idebenone 300 mg TDS for LHON for a mean period of 30.2 (£9.9)
months. Mean visual acuity at initiation of therapy was 2.22 (+0.32) LogMAR, improving to a peak of 1.12 (+0.77) LogMAR at
27 months. This time point was coincident with the maximum CRR achieved, with 86% demonstrating CRR. At 24 months, CRR was
significantly higher when compared to a natural history cohort.

CONCLUSION: The present cohort demonstrates evidence of CRR in a high proportion of patients reaching 27 months of
treatment. Further follow-up and a larger cohort of patients will provide further insight into the real-world efficacy of idebenone

in LHON.
Eye; https://doi.org/10.1038/s41433-025-03993-x

INTRODUCTION

Leber hereditary optic neuropathy (LHON) is a rare disease but
one of the most commonly described hereditary optic neuro-
pathies, with a prevalence of 1 in 31,000 to 1 in 68,000 [1-4].
Although more recent analysis suggests a carrier rate of up to 1 in
1000 of the most common causative genetic variants, which
highlights the incomplete penetrance demonstrated with those
carrying the three most common causative variants, with only
2.5-17.5% of these carriers progressing to express the LHON
phenotype [5-7]. The three most common variants in the
mitochondrial genome—m.3460G>A (MTND1), m.11778G>A
(MTND4), and m.14484T>C (MTND6)—are identified as the
causative variant in over 95% of LHON cases [8, 9].

LHON is characterised by centrocecal vision loss that can occur
at any age but typically has two peaks of incidence in early
adulthood and a smaller increase in incidence around late middle
age [8, 10]. Individuals tend to experience profound visual loss,
which is limiting on their daily activities and often adversely
impacts their ability to work [11]. There is, however, some
evidence for spontaneous improvement of visual function over
months to years following the initial decline in vision [9]. This is
reported to be more common amongst certain variants,
particularly the m.14484T>C variant, and less frequently observed
in the m.11778G>A and m.3460G>A variants [4, 9, 12-14].

Up until recently, there have been very limited management
options beyond maximising residual vision with magnifying aids
and supportive measures to improve quality of life [10, 11]. More
recently, several novel therapies have been trialled, from oral
supplements and medications to genetic therapies [15-17]. Of
particular interest is oral idebenone dosed at 300 mg three times
daily, which was approved by the European Medicines Agency
and has been established in several European nations as standard
therapy following a number of trials, including the RHODOS study
and the LEROS study [3, 13, 18-20].

Briefly the LEROS trial demonstrated benefits for those patients
dosed with idebenone in terms of their clinically relevant recovery
(CRR) deemed as improvement of 10 letters on-chart or from off-
chart to a minimum of 5 letters on-chart, with 46.0% demonstrat-
ing CRR when compared to those on placebo in the extended
access programme and 31.9-47.9% demonstrating CRR in the
LEROS trial depending on when therapy was initiated [3, 13].
Based on this evidence, idebenone was recommended for use in
the National Health Service in Wales for patients with LHON by
the All Wales Medicines Strategy Group (AWMSG) in their final
appraisal recommendation (Advice No: 0521—March 2021) [21].

The present study presents an overview of the outcomes of all
patients treated with idebenone within the tertiary referral
ophthalmic genetics clinic in University Hospital of Wales
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(UHW), Cardiff, following their initiation of treatment from 2021
up until January 2025.

METHODS

Patients attending the tertiary referral clinic for ophthalmic genetics
within UHW in Cardiff with a diagnosis of LHON were identified. All
patients were offered treatment as part of their routine clinical care in line
with prescribing guidelines and authorisation in line with AWMSG advice.
Idebenone was prescribed at 300 mg orally three times daily (TDS). For
comparison to a natural history cohort (NH), data were extracted from
previous published datasets of patients with LHON used in the LEROS
nonrandomised controlled trial, which has previously been described [13].
This was extracted from two international, multicentre historical case
record surveys CRS-1 (ClinicalTrials.gov: NCT01892943) and CRS-2
(ClinicalTrials.gov: NCT02796274).

Demographic data were collected from patients’ medical records, as
well as details of diagnosis and the outcome of genetic testing and data
on visual outcomes. All patients were confirmed to have an established
genetic diagnosis of LHON associated with one of the three primary
variants in mitochondrial DNA by NHS genetic testing in the form of
targeted gene sequencing, next-generation based gene panel, or
mitochondrial gene sequencing. All data capture was finalised as of
29th January 2025.

Visual acuity data were collected and converted to LogMAR units where
not collected in this format. This was performed using the previously
published calculator [22] based on the United Kingdom National
Ophthalmology Database published values [23]. From this, CRR was
defined as improvement from ‘off-chart’ to ‘on-chart’ or ‘on-chart’
improvement of at least 10 letters. This was adapted from previous
studies of idebenone therapy in LHON [13, 18, 19], given the mixed
methods of visual acuity assessment from ‘off-chart’ to ‘on-chart’ and
subsequent conversion of some visual acuity outcomes recorded in metric
Snellen format to LogMAR equivalent outcomes.

Statistical analysis was performed using SPSS (Version 29.0.2.0, 2023,
IBM, Armonk, NY, USA). Continuous unpaired parametric data were
compared using a two-sided Student’s t-test, whilst paired non-parametric
data were compared using Friedman’s two-way analysis of variance by
ranks with Dunn’s post hoc analysis and Bonferroni correction for multiple
comparisons. Fisher’s exact test was performed for categorical data with
expected counts of less than 10, with subsequent logistic regression
controlling for known a priori characteristics. Significance was defined at
the level of p < 0.05. Continuous data are presented as mean + standard
deviation and categorical data comparison is summarised as an odds ratio
with a 95% confidence interval.

This study was approved locally (Cardiff & Vale University Health Board
Research & Development) and registered on the local Audit Management
and Tracking system. It was conducted in accordance with the tenets of
the Declaration of Helsinki.

RESULTS

A total of 29 individuals with mitochondrial variants associated
with LHON were identified in the ophthalmic genetics service. Six
tested positive for the m.14484T>C variant and the remaining 23
tested positive for the m.11778G>A variant.

All patients were offered treatment, excluding those who had
experienced prior spontaneous visual recovery or exhibited LHON
with ‘plus’ features, such as one female patient with Harding's
syndrome. No restriction was placed on time from vision loss,
although a number of those with the longest potential durations
of disease were either not being routinely followed up, or had
been lost to follow-up, or had been discharged some years
before. Thus, 12 were initiated on idebenone therapy under the
NHS ophthalmic genetics clinic in UHW in accordance with the
AWMSG guidance. All were offered six-monthly appointments to
monitor vision and any side effects. One patient was excluded
from the current analysis as they were restarted on therapy for
only 6 months, having previously been treated within the LEROS
trial [13]. There were 8 males and 4 females, with an average age
when initiating therapy of 47.2 (£19.3) years, ranging from 22 to
72 years of age. Prior to starting idebenone, the mean duration of
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symptoms attributed to LHON was 31.5 (£59.5) months with a
total range from 2 to 216 months. Four patients tested positive
for the m.14484T>C pathogenic variant, and the remaining eight
carried the m.11778G>A variant. Two treated patients had a
known family history of LHON, one with the m.14484T>C variant
and one carried the m.11778G>A variant. The remaining 10
patients had no clear family history and were suspected de novo
variants, albeit not all family members have undergone genetic
testing to investigate their carrier status.

The NH cohort comprised 346 eyes reaching 12 months of
follow-up and 168 eyes achieving 24 months of follow-up. NH
cohort patients had an average age of 31.7 (£15.0) years for those
achieving 12 months of follow-up and 29.7 (+14.8) years for those
achieving 24 months of follow-up. These were both significantly
different from the treated patients in the current cohort
(p <0.001). Male individuals accounted for 81% of eyes reaching
12 months in the NH cohort and 83% of those reaching 24 months
of follow-up, neither of which was significantly different from the
treated cohort presented herein (12 months v treated, p = 0.134;
24 months v treated, p =0.287). In terms of the proportion of
patients in the subacute/dynamic phase of the disease versus the
chronic phase of the disease (as defined previously as <1 year
from disease onset for subacute/dynamic or >1 year for chronic)
[13], this was not significantly different from the current treated
Welsh cohort in comparison to the NH cohort at either the 12-
month time point after starting treatment/follow-up (idebenone
56% v NH 56%, p = 1.00) or the 24-month time point after starting
treatment/follow-up (idebenone 57% v NH 45%, p = 0.412).

The cohort treated with idebenone had a mixed history of
alcohol and tobacco usage. Six reported smoking more than 10
cigarettes a day, although two of these subsequently ceased
smoking after their diagnosis of LHON. Four of the cohort
reported drinking 10 or more units of alcohol per week, with two
reporting heavy use of 40 units or more. Of the entire cohort, no
mention was made of significant tobacco usage or alcohol
consumption in the case of three individuals, whereas two
individuals reported zero tobacco smoking or alcohol
consumption.

At the point of data collection, the patients had received an
average of 30.2 (+9.9) months of therapy, ranging from 14 to
42 months in total. No side effects were reported. Two patients
were excluded at this point of analysis due to being lost to follow-
up, leaving 10 patients continuing therapy. Additionally, one
patient died whilst taking idebenone of coexistent medical
comorbidities after 13 months of therapy. Two patients had
ceased therapy after 30 and 35 months, respectively, by mutual
consent on clinical review. One ceased due to no response over
the 30 months of therapy. The second individual demonstrated
CRR between 21 and 30 months; however, by 35 months, their
vision deteriorated to baseline in both eyes and they elected to
cease idebenone therapy.

The primary outcome of the study was visual acuity, with
patients having a mean visual acuity equivalent to 1.89 (+0.71, 24
eyes) LogMAR units at diagnosis of LHON. At the time of therapy
initiation (0 months), the patient’s vision had deteriorated to 2.22
(£0.32, 24 eyes) LogMAR units. The most recent visual acuity for
the 7 patients still receiving idebenone therapy is 1.69 (+0.72, 14
eyes) LogMAR units. The peak mean visual acuity within the first
36 months of therapy was at 27 months, which was 1.12 (+ 0.77, 8
eyes) LogMAR units for the limited patients with a review at this
time point. The time course of visual acuity is illustrated in
Figs. 1 and 2.

In line with the previously published LEROS study [13],
comparison was made between visual acuity outcomes at 0
months, 12 months and 24 months of therapy. There was no
difference between 0 months (2.22+0.32) and 12 months
(2.11 £0.62; p > 0.05). Whereas there was significant improvement
in vision after 24 months of therapy (1.48+0.72) from both
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Fig. 1
mean = standard error of the mean.

The mean visual acuity (LogMAR) of 12 patients with LHON treated with idebenone over time (months). Displayed as

Vidsual Acuity (LogMAR Units)

Time since starting idebenone therapy (Months)
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Fig.2 The measured visual acuity (LogMAR) of each eye in all 12 patients treated with idebenone over time (months). OD—right eye; OS

—left eye.

0 months of therapy (Bonferroni adjusted p=0.042) and
12 months of therapy (Bonferroni adjusted p = 0.004).

In terms of CRR, 10% of a total of 10 patients (20 eyes) reaching
3 months of therapy demonstrated CRR. This increased to a peak
of 86% of 7 patients (14 eyes) reaching 27 months of therapy, but
declined thereafter with far fewer patients (3 patients, 6 eyes)
reaching beyond 34 months of therapy. This is outlined in Fig. 3.

The 12- and 24-month CRR outcomes were compared with the NH
cohort. At 12 months, there was no significant difference in CRR rates
between the treated group and the NH group (idebenone 11% v NH
19%; p = 0.545). However, at 24 months, CRR was significantly higher
in the Welsh cohort treated with idebenone compared to the NH
cohort (idebenone 71% v NH 24%; p <0.001). To investigate this
further, logistic regression analysis was performed to assess the effect
of sex, age, and treatment with idebenone on the likelihood of
achieving CRR at 24 months following treatment initiation or follow-
up. The model was statistically significant when compared to the null
model (¥ (3) = 29.243, p < 0.001), explaining 21.3% of variation in
CRR (Nagelkerke R?) and predicting 76.9% of cases correctly. Both
treatment with idebenone (OR 0.105, 95% Cl 0.021 to 0.532;
p=0.008) and a younger age (OR 0.737, 95% ClI 0.589 to 0.923;
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p = 0.006) were significant in contributing to this model; however, an
individual's sex was not (OR 1.117, 95% Cl 0.454 to 2.748; p = 0.810).

The individual patient who demonstrated CRR at 3 months has
continued to improve up until 27 months with a peak visual
acuity of —0.18 LogMAR units in the right eye and —0.08 LogMAR
units in the left eye. This has, however, deteriorated up to
39 months, where their vision was 0.18 LogMAR units in the right
eye and 0.18 LogMAR units in the left eye. This is relative to a
visual acuity of counting fingers (equivalent to 2.1 LogMAR units)
in the right eye and 1.0 LogMAR units in the left eye at the point
of initiating therapy.

Examining the visual field tests of this individual demonstrated
some improvement in terms of visual field index (VFI) and mean
deviation (MD) on Humphrey 24-2 visual field testing using the SITA
standard protocol. There was only a full-field 120-point suprathres-
hold test available prior to treatment initiation, which demonstrated
a centrocecal scotoma within the central 20 degrees of both eyes. At
9 months after therapy initiation, the individual achieved a VFI of
75% in the left eye and 59% in the right eye and a MD of —8.39 dB in
the left eye and —13.00 dB in the right eye. After a further 13 months
of therapy, at 22 months total, they achieved a VFI of 77% in the left

SPRINGER NATURE
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Fig. 3 Number of eyes within the cohort of patients treated with idebenone demonstrating clinically relevant recovery (CRR) at each
time point (months). The total number of eyes within the cohort that reach each time point after initiation is represented to demonstrate the
relative proportion of eyes reaching a time point that demonstrate CRR. CRR is defined as improvement in vision from ‘off-chart’ to at least 1

letter ‘on-chart’, or improvement of at least 10 letters ‘on-chart'.

eye and 66% in the right eye, as well as an MD of —7.50 dB in the left
eye and —10.09 dB in the right eye.

Three cases were identified as developing vision loss with no
previous visual symptoms in older male patients (63, 68 and 72
years of age, all from separate families) with the m.14484T>C
pathogenic variant coincidentally subsequent to COVID-19
vaccines. All three of these individuals started on idebenone
within 4-8 months of the onset of symptoms. All three also
demonstrated CRR at some time point during their treatment
between 15 and 33 months. However, at the most recent review,
one had ceased therapy due to completing 36 months of
treatment and not retaining CRR. Meanwhile, the others continue
therapy, although one individual’s vision has returned to baseline
and the other retains some vision at 1.36 and 1.34 LogMAR units
in the right and left eyes, respectively.

DISCUSSION

The present cohort summarises the clinical outcomes of 12
patients treated with idebenone for LHON. In the somewhat
heterogeneous environment of real-world treatment, there is a
surprising degree of CRR within the cohort, with 86% (10 of 14
eyes) achieving this by 27 months. This is a somewhat long time
period of treatment to gain maximum response, given that 5
individuals had not reached 27 months of therapy. It does,
however, correlate with other observations of clinical response up
to 2 years [13, 19]. In comparison, the time course observed in the
previous LEROS trial was briefer [13].

Previous reports have highlighted the ongoing efficacy of
idebenone therapy within patients started on idebenone therapy
in the acute phase (less than 1 year from disease onset), in the
early chronic phase (1-5 years from disease onset) or in the late
chronic phase (>5 years from disease onset) [24, 25]. In the
current cohort, there were 6 (50%) patients treated within the
acute phase, of whom 4 (67%) demonstrated CRR at any time
point. Five (42%) patients were treated within the early chronic
phase, only one of whom demonstrated CRR at any time point;
however, two of these patients had no further clinical details
beyond baseline as they were lost to follow-up, and one
individual had only been on therapy for 12 months at the time
of data collection. Only one (8%) patient was treated within the
late chronic phase, who did demonstrate CRR.

Of interest, one individual who demonstrated CRR attained this
despite initiating idebenone therapy with a significant time
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period since disease manifestation of 18 years. This is outside the
time limit defined by the LEROS trial of individuals being within 5
years of diagnosis [13] or the Extended Access Programme study,
which had more stringent restrictions of patients being within 1
year of disease onset [3, 19]. This does not contravene current
prescribing recommendations of the AWMSG, which do not set a
time limit of disease duration before starting therapy. This
individual achieved CRR by 15 months and continues to
demonstrate sustained improvement in VA up until their latest
review at 27 months of therapy. This supports the finding in the
LEROS trial suggesting VA improvement can continue to start
until 24 months [3, 13, 24].

The presented cohort notably had solely 12 individuals with
LHON treated with idebenone, in spite of a pool of 29 individuals
being identified within the population served by the clinic as
carrying pathogenic variants causative of LHON. One individual was
ineligible due to exhibiting ‘plus’ features consistent with Harding's
syndrome. This presentation of LHON currently does not have
evidence supporting the use of idebenone. Additionally, this
includes those who may not benefit from idebenone because they
have already experienced some spontaneous improvement or
partial recovery of visual function, as was observed with
approximately 30-40% of individuals within LHON in previous
trials of idebenone [3, 13, 18, 19]. Furthermore, of the 17 individuals
identified within the clinic as carrying pathogenic variants who did
not start idebenone, 2 did not demonstrate any expression of the
disease phenotype, 3 declined treatment through the clinic in
UHW, 2 moved outside of Wales, and the remaining 10 did not
respond to invitations to attend the clinic to consider treatment. In
the presented cohort of patients, it is unclear who may have
exhibited spontaneous visual recovery if idebenone had been
omitted, especially given the atypical presentation of three older
male individuals who started treatment relatively early in their
disease’s time course. This may somewhat bias the results
presented herein, either due to more or fewer patients experien-
cing CRR than might have in the placebo groups of prior LHON
trials due to underlying differences in the demographics and
clinical presentations of those with LHON [3, 8, 91.

When compared to the NH cohort established in the previously
published LEROS study, the current cohort demonstrated
improved CRR at the 24-month time point but not at the 12-
month time point. The logistic regression model demonstrated
that treatment and younger age were significant factors
influencing a patient’s outcome in terms of CRR. Interestingly,
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given that the treated cohort presented herein was significantly
older than the NH cohort, it would suggest that the treatment
effect may have a greater influence on visual recovery at the 24-
month time point. However, it is important to acknowledge that it
is impossible to differentiate between the true treatment effect of
idebenone or whether these patients were experiencing higher
rates of spontaneous visual recovery than the NH cohort.

A limitation of the current study is the measurement of VA
using a mixture of both LogMAR and Snellen VA in the clinic
setting, which has subsequently been converted to LogMAR for
analysis. Historically, before idebenone was a therapeutic option,
the patients had Snellen acuities as a routine, and increasingly, all
were having LogMAR acuity as they returned for follow-up. This
has resulted in a subtly different definition of CRR in the
presented study, which might allow for a higher reporting rate
of CRR compared to those defined in LEROS, EAP and prior trials
[13, 19]. That being said, in the context of the presented study
reporting real-world outcomes and the difficulties of how VAs are
measured in the clinic setting, where it may be the case that less
encouragement of patients to attain a ‘better’ score compared to
when those measuring VA have knowledge of an individual being
a ‘'trial’ patient and hence may prompt the participant to achieve
a higher VA regardless of the test being used.

In conclusion, the presented real-world cohort of patients
treated with oral idebenone over a period of 14-42 months
demonstrates rates of CRR comparable to those reported in the
previously published trials of idebenone therapy in people with
LHON. This being a report of real-world outcomes in idebenone
therapy, it is notable that such reports often demonstrate worse
outcomes in terms of drug effectiveness when compared to
observed drug efficacy when the therapy is applied in a
controlled trial setting: the established concept of the ‘efficacy-
effectiveness gap’ [26-28]. This is due to factors that influence
the real-world clinic setting more so than a controlled trial:
patients being lost to follow-up, dying, reduced motivation of
clinic staff as compared to research staff, and less rigorous data
collection with more flexible timepoints due to constraints on
clinic capacity and staff availability. Therefore, further data
collection from real-world observational studies is required to
elucidate the true real-world effectiveness, the optimal time-
frame of therapy initiation, as well as the duration of therapy
that continues to provide clinically relevant benefit to patients
with LHON [29].

SUMMARY

What was known before

® |eber hereditary optic neuropathy is a debilitating condition
resulting in severe visual disability, with emerging new therapies.

® Prior clinical trials have demonstrated the efficacy of idebenone
in treating patients with Leber hereditary optic neuropathy and
providing some meaningful improvement in visual function.

What this study adds

® Real-world outcomes from treatment with oral idebenone in a
cohort of patients with a diverse background show clinically
relevant recovery of visual acuity in a majority of patients
reaching 27 months of therapy.

® The presented study provides evidence for an extended course
of therapy with idebenone, potentially to continue beyond 3
years, given that the recovery in visual acuity did not present in
some individuals until the 27-month time point.
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