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Abstract 

In a previous Phase 2 study, olesoxime had a favorable safety profile. Although the primary endpoint was not met, analyses suggested 
that olesoxime might help in the maintenance of motor function in patients with Types 2/3 SMA. This open-label extension study (OLEOS) 
further characterizes the safety, tolerability and efficacy of olesoxime over longer therapy durations. In OLEOS, no new safety risks were 
identified. Compared to matched natural history data, patients treated with olesoxime demonstrated small, non-significant changes in motor 
function over 52 weeks. Motor function scores were stable for 52 weeks but declined over the remainder of the study. The greatest decline 
in motor function was seen in patients ≤15 years old, and those with Type 2 SMA had faster motor function decline versus those with Type 
3 SMA. Previous treatment with olesoxime in the Phase 2 study was not protective of motor function in OLEOS. Respiratory outcomes were 
stable in patients with Type 3 SMA > 15 years old but declined in patients with Type 2 SMA and in patients with Type 3 SMA ≤15 years 
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old. Overall, with no stabilization of functional measures observed over 1  

in patients with SMA. 
© 2020 The Authors. Published by Elsevier B.V. 
This is an open access article under the CC BY-NC-ND license ( http://c
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. Introduction 

.1. Spinal muscular atrophy (SMA) 

5q-SMA is a rare, progressive neuromuscular disease 
haracterized by motor neuron loss in the spinal cord 

nd lower brainstem, which leads to muscle atrophy and 

isease-related complications [1 , 2] . SMA presents as a 
pectrum of motor and functional disabilities with five known 

ypes affecting infants, children, and adults [3 , 4] . SMA is 
aused by reduced levels of the survival of motor neuron 

SMN) protein due to deletions and/or mutations of the SMN1 

ene [5 , 6] . A second SMN gene, SMN2 , produces low levels
f functional SMN protein that are not sufficient to fully 

ompensate for the lack of the SMN1 gene [7] , but can 

odulate disease severity to produce a milder phenotype 
hen the number of SMN2 gene copies is increased 

8-10] . 
In 2016, nusinersen (SPINRAZA®), an SMN2 splicing 

odifier, became the first therapy approved by the US Food 

nd Drug Administration (FDA) and European Medicines 
gency (EMA) for the treatment of SMA [11 , 12] . More 

ecently, the gene therapy onasemnogene abeparvovec-xioi 
ZOLGENSMA®) was approved by both agencies [13 , 14] . 
owever, despite these recent regulatory approvals, unmet 
eeds remain. 

The majority of patients with SMA are ineligible for 
nasemnogene abeparvovec, as it is currently only approved 

or children under the age of 2 years in the US and for 
atients with Type 1 SMA or ≤3 SMN2 copies in the EU, 
nd excludes patients positive for AAV9 antibodies [13 , 14] . 
ntrathecal (ITC) administration of nusinersen requires travel 
o specialist centers, which can place additional burden on 

aregivers in terms of travel time and cost [15] . Although 

enerally well tolerated, the procedure itself is not without 
ide-effects, which occur more frequently in older patients 
16] . The procedure may need to be conducted under general 
nesthesia in younger children who cannot lie still throughout 
he procedure, and although generally safe [17] , it is not 
et fully understood how cumulative exposure to anesthesia 
ffects the developing brain [18 , 19] . ITC procedures may also 

e challenging in patients with a complex spine and severe 
coliosis [20] . In August 2020, risdiplam (EVRYSDI TM ), an 

rally administered small molecule SMN2 splicing modifier, 
as approved by the FDA for the treatment of patients aged 

 months and older [21] . 
The reduction of SMN protein in SMA impairs 

undamental cellular homeostatic pathways [see 
960 
30 weeks, OLEOS did not support significant benefit of olesoxime

reativecommons.org/licenses/by-nc-nd/4.0/ ) 

 history data; Longitudinal study. 

2 , 23 , 24 for review]. Mitochondrial dysfunction leads to 

ncreased oxidative stress levels and impaired mitochondrial 
embrane potential in SMN-depleted neurons [25 , 26] , with 

ow energy levels and the accumulation of free radicals 
eading to progressive cell damage and cell death [25] . 
iopsies taken from SMA patients also indicate reduced 

evels of mitochondrial biogenesis [27] . Taken together, 
hese factors make mitochondrial preservation a potential 
herapeutic target for SMA. 

.2. Olesoxime and mechanism of action 

Olesoxime (RO7090919; cholest-4en-3-one, oxime) 
s a cholesterol-like compound identified through its 
urvival-promoting activity on cultured neurons deprived 

f trophic factors [28] . Olesoxime binds to proteins that 
ave been implicated in the formation or modulation 

f the mitochondrial permeability transition pore complex, 
reserving essential mitochondrial functions, thereby reducing 

euronal degeneration and death [28-30] . 

.3. Clinical development of olesoxime 

The safety and efficacy of olesoxime was previously 

nvestigated in an open-label, multiple dose Phase 1b 

rial (EudraCT 2006-006845-14) [31] and a Phase 2, 
ouble-blind, randomized, adaptive, parallel groups, placebo 

ontrolled study in patients with Type 2 or non-ambulatory 

ype 3 SMA (NCT01302600/ EudraCT 2010-020386-24) 
32 , 33] . Eight patients were enrolled in the Phase 1b study 

nd 165 patients were randomized to olesoxime 10 mg/kg 

nce daily or placebo in a 2:1 ratio in the Phase 2 

tudy [32] . 
The primary outcome measure in the Phase 2 study was the 

otor Function Measure (MFM); a multidimensional motor 
unction scale for assessing patients with neuromuscular 
isorders, that has been validated for use in SMA [34 , 35] . 
he MFM32 assesses a range of motor functions with 

2 items across three domains: D1 measures standing 

osition, transfers and ambulation; D2 measures axial and 

roximal motor function; and D3 measures distal motor 
unction [34] . The raw summed score of the 32 items 
s converted to a 0–100 scale expressed as a percentage, 
ith higher scores indicative of a higher level of motor 

unction [35] . 
In this Phase 2 study, olesoxime was well tolerated 

nd although the primary endpoint was not met, secondary 

ndpoints and sensitivity analyses suggested that olesoxime 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Fig. 1. CONSORT study diagram. 
∗Full analysis set, n = 160. 

BID, twice daily; QD, once daily. 
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ight help maintain motor function in patients with 

ypes 2/3 SMA. Patients aged 6–15 years showed an 

mprovement from baseline in MFM Domain D1 + D2 scores 
hroughout the entire treatment period of 24 months, whilst 
atients treated with placebo showed a consistent decline 
32] . At Month 24, there was a significant difference in 

reatment ( p = 0.0362) when compared to placebo [32] . 
atients with SMA in this age group generally experience 
 decline in motor function due to changes associated 

ith puberty [36 , 37] . The stabilization of these patients 
uggested that olesoxime may maintain motor function. The 
ain objective of this open-label extension study (OLEOS) 
as to further characterize the safety, tolerability and 

fficacy of olesoxime in SMA, allowing a comparison of 
fficacy outcomes with natural history data in a matched 

opulation [38] . 

. Patients and methods 

.1. Study design 

This open-label, single arm, Phase 2 study (OLEOS; 
CT02628743) [38] evaluating the long-term safety and 

fficacy of olesoxime in patients with SMA was an extension 

tudy of a Phase 1b (EudraCT 2006-006845-14) [31] and 

hase 2 (NCT01302600/EudraCT2010-020386-24) trial 
 Fig. 1 ) [32 , 33] . One patient included in the study was
iagnosed with Type 1b SMA. Eligible patients had 

reviously participated in the olesoxime Phase 1b or 
linded Phase 2 study, were able and willing to provide 
ritten informed consent, and in the investigators’ judgment 
961 
ere able to comply with the study procedures. Target 
nrolment was a maximum of 171 patients. This study 

as conducted across 24 neuromuscular care centers in 

elgium, France, Germany, Italy, Netherlands, Poland and 

he UK, which had previously participated in the Phase 
b and Phase 2 studies [38] . For women of childbearing 

otential, use of an acceptable birth control method during 

he treatment period and for at least 28 days after last dose 
as required [38] . Key exclusion criteria included: patients 
ho had developed hypersensitivity to olesoxime, or one 
f its excipients; concomitant or previous participation in 

 SMN2 -targeting antisense oligonucleotide study within 6 

onths prior to screening and the history or presence of an 

bnormal electrocardiogram (ECG) [38] . All patients or their 
arent or guardian provided written informed consent before 
creening. The study was approved by local institutional 
eview boards and ethics committees. Informed consent was 
btained prior to any study-related procedure. 

.2. Procedures 

All enrolled patients received 10 mg/kg oral olesoxime 
liquid suspension of 100 mg/mL) once daily with food either 
rally or via a nasogastric or gastrostomy tube for the duration 

f the study (manufactured and packaged by F. Hoffman-La 
oche, Switzerland). Results from the previous Phase 2 trial 

howed an increase from baseline in MFM D1 + D2 score 
fter 2 years in patients who had higher olesoxime exposure 
mean ≥7500 ng/mL). This informed an amendment to the 
rotocol in November 2017 to increase the dose to 10 mg/kg 

ral olesoxime twice daily. After screening and baseline visits, 
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ollow-up visits were scheduled for every 13 weeks until 
eek 52 and then every 26 weeks thereafter, up to a total 

reatment period of approximately 5 years. The study was 
erminated in December 2018 due to lack of evidence for 
lesoxime to provide clinically meaningful benefit in the 
ontext of the current therapeutic landscape. Final efficacy 

nd safety analyses were completed using all data up to the 
nd of the study. 

.3. Outcomes 

The primary objective in this study was to evaluate 
he safety of olesoxime in patients with SMA, with 

dverse events (AEs), laboratory tests, vital signs, and ECG 

arameters as outcome measures. Investigator text for AEs 
as coded using MedDRA version 21.1. The secondary 

bjectives were to evaluate the efficacy of olesoxime 
ompared to the natural history of disease, as measured by 

FM (32 item) D1 + D2 and MFM total scores and the 
isease associated medical complications and procedures in 

lesoxime-treated patients compared to the natural history of 
he disease. Additional outcome measures included trough 

lasma olesoxime concentration and forced vital capacity 

FVC)/theoretical capacity (TC). TC was calculated using 

n equation based upon patient height [39 , 40] . Height 
as measured directly, or derived from ulna length using 

ublished methods [41 , 42] if height could not be measured, 
.g. due to scoliosis or contractures. 

.4. Natural history data matching 

MFM data up to Week 52 were compared with natural 
istory data collected from two sources: A natural history 

atabase consisting of Type 1, 2 and 3 SMA patients between 

 and 65 years of age with MFM data collected during 

eal-life clinical practice in 29 pediatric physical medicine 
epartments in France, Belgium, Switzerland and Argentina 
ince 2002 [43] and NatHis-SMA, a prospective natural 
istory study of patients between 2 and 30 years of age from 9 

enters in France, Belgium and Germany sponsored by Roche 
nd the Institute of Myology [44] . Patients remained in the 
tudy for up to 24 months between 2015 and 2018. 

.5. Analyses 

Safety and efficacy data were summarized by visit. 
afety analysis was based on the safety population, which 

ncludes all patients who received at least one dose of study 

edication. The data were summarized overall and by the 
ose being taken at the time of the assessment (10 mg/kg 

nce or twice daily). Efficacy analysis was based on the intent 
o treat (ITT) population, which included all patients who 

eceived at least one dose of study medication and had at least 
ne post-baseline assessment of MFM. Subgroup efficacy 

nalyses performed included Type 2 vs. Type 3 SMA, high 

mean ≥7500 ng/mL) vs. low (mean < 7500 ng/mL) olesoxime 
harmacokinetic (PK) exposure (exposure was calculated as 
962 
he average over the whole study), age, treatment received in 

he previous study and the ability to sit at baseline (defined 

s achieving a score of > 0 on Item 9 of the MFM32). 
atients were matched with natural history data based on 

ender and SMA type. Mahalanobis distance matching, the 
istance between two points in multivariate space, was then 

pplied for age and baseline MFM D1 + D2 score within these 
roups. Optimal full matching was used: each treated patient 
as matched to only one untreated patient, but each untreated 

atient could be matched to more than one treated patient. A 

ap was set on the maximum number of times an untreated 

atient could be matched with a treated patient. Patients 
ere matched using SAS Proc PSMATCH. The covariate 
alance between the two groups before and after matching 

as assessed using standardized mean differences and ratios 
f variances. The change from baseline in MFM D1 + D2 was 
nalysed using Mixed Models Repeated Measures (MMRM). 
he model included the treatment group, age at baseline, 
ender, SMA type, visit, treatment-by-visit interaction, and 

he baseline MFM D1 + D2 score as covariates. Matched set 
as included in the model as a random effect. 

. Results 

.1. Patients 

A total of 131 patients aged 8–34 years (mean age of 
4.7 years) were enrolled between 6th January 2016 and 16th 

arch 2017 and dosed in the study ( Fig. 1 ). This included 

29 patients previously enrolled in NCT01302600 and two 

atients from EudraCT 2006-006845-14. The ITT population 

ncluded 128 patients. A total of 21 patients in the ITT 

opulation consented to the dose increase from 10 mg/kg 

ral olesoxime daily to 10 mg/kg twice daily. Demography 

nd baseline characteristics ( Table 1 ) were consistent with 

he entry criteria of the study, representing a broad range of 
atients with Types 2/3 SMA. A similar proportion of patients 
rom both the olesoxime and placebo arms of the Phase 2 

tudy (2:1 ratio) were included in this study who then all 
eceived olesoxime, indicating no selection bias. Overall, the 
ajority of patients in the study (90/131, 68.7%) had Type 2 

MA. 
Key differences between the patient populations enrolled 

rom the previous Phase 1b and Phase 2 studies included age 
nd period of treatment discontinuation ( Table 1 ). Patients 
rom the Phase 1b trial were older at baseline (mean age 
4.5 [SD 13.4] years) compared with patients previously on 

ither placebo (mean age 15.7 [SD 5.3] years) or olesoxime 
mean age 14.0 [SD 5.7] years) in NCT01302600. The Phase 
b study completed 5 years earlier than the Phase 2 study 

nd therefore patients in the Phase 1b trial had a longer 
iscontinuation period (mean 8.56 [SD 0.91] years) than 

atients previously on placebo (mean 3.08 [SD 0.35] years) 
r olesoxime (mean 3.08 [SD 0.39] years) in NCT01302600. 
he difference in MFM D1 + D2 score between the olesoxime 
nd placebo arms at the end of the Phase 2 study was 
reserved [32] at baseline. The median treatment duration of 
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Table 1 
Patient baseline characteristics at start of OLEOS study, safety-evaluable patients. 

Baseline characteristics Placebo in Phase 2 Olesoxime in Phase 2 Olesoxime in Phase 1b Total 
( n = 40) ( n = 89) ( n = 2) ( n = 131) 

Age at baseline, 
years 

Mean (SD) 15.7 (5.3) 14.0 (5.7) 24.5 (13.4) 14.7 (5.9) 
Range 8–26 8–30 15–34 8–34 

Gender, n (%) Male 17 (42.5) 46 (51.7) 2 (100.0) 65 (49.6) 
Female 23 (57.5) 43 (48.3) 0 66 (50.4) 

SMA Type, n (%) 1b 0 0 1 (50.0) 1 (0.8) 
2 26 (65.0) 64 (71.9) 0 90 (68.7) 
3 14 (35.0) 25 (28.1) 1 (50.0) 40 (30.5) 

Time off treatment 
(years) 

Mean (SD) 3.1 (0.4) 3.1 (0.4) 8.6 (0.9) 3.2 (0.8) 
Range 2.6–4.8 2.4–5.1 7.9–9.2 2.4–9.2 

MFM D1 + D2 score n 39 89 2 130 
Mean (SD) 29.2 (11.5) 30.6 (12.8) 22.0 (31.1) 30.0 (12.7) 
Range 6.7–48.0 0.0–66.7 0.0–44.0 0.0–66.7 

FVC/TC, % n 39 88 1 128 
Mean (SD) 51.5 (22.4) 57.3 (28.1) 86.70 (NA) 55.7 (26.5) 
Range 13.1–98.2 12.1–138.5 86.7–86.7 12.1–138.5 

Functional status, n 
(%) 

n 39 89 2 130 
Sitter ∗ 28 (71.8) 57 (64.0) 1 (50.0) 86 (66.2) 
Non-sitter ∗ 11 (28.2) 32 (36.0) 1 (50.0) 44 (33.8) 

D, domain; FVC, forced vital capacity; MFM, Motor Function Measure; n , number; NA not applicable; SD, standard deviation; SMA, spinal muscular 
atrophy; TC, theoretical capacity. 

∗ A sitter was defined as having achieved a score of > 0 on Item 9 of the MFM scale; non-sitters achieved a score of 0. 

Table 2 
Patient baseline characteristics in OLEOS and a matched natural history population. 

Baseline characteristics Before matching Matched, ∗ weighted 

Untreated Olesoxime Untreated Olesoxime 
n = 71 n = 124 n = 71 n = 124 

Age at baseline, 
years 

Mean (SD) 14.1 (7.9) 14.8 (5.9) 13.9 (6.8) 14.8 (5.9) 

Range 6–39 8–34 6–39 8–34 
Gender, n (%) Male 37 (52.1) 64 (51.6) 36.7 (51.6) 64.0 (51.6) 

Female 34 (47.9) 60 (48.4) 34.4 (48.4) 60.0 (48.4) 
SMA Type, n 
(%) 

2 54 (76.1) 84 (67.7) 48.1 (67.7) 84.0 (67.7) 

3 17 (23.9) 40 (32.3) 22.9 (32.3) 40.0 (32.3) 
MFM D1 + D2 
score 

Mean (SD) 30.2 (16.3) 30.3 (12.2) 32.8 (15.8) 30.3 (12.2) 

Range 4.0–72.0 5.3–66.7 4.0–72.0 5.3–66.7 
MFM total score Mean (SD) 40.6 (15.9) 41.7 (11.9) 43.2 (15.1) 41.7 (11.9) 

Range 6.3–76.0 12.5–74.0 6.3–76.0 12.5–74.0 

D, domain; MFM, Motor Function Measure; n , number; SD, standard deviation; SMA, spinal muscular atrophy. 
∗ Matching based on SMA type, age at baseline, MFM D1 + D2 score at baseline and gender. 
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ny dose of olesoxime was 817 days (range: 52–973) with a 
edian compliance of 98.5%. The median treatment duration 

f olesoxime 10 mg/kg twice a day ( n = 21) was 177 days
range: 147–215) with a median compliance of 100%. 

Of the 128 patients in the ITT population, 124 patients 
ere included in the matched patient population ( Table 2 ). 
atients were excluded from the matched analysis where there 
as no suitable match to SMA type (Type 1b SMA, n = 1), no
FM data at baseline ( n = 1) or where MFM20 was assessed 

t baseline instead of MFM32 ( n = 2). Seventy-one patients 
ith Types 2/3 SMA were included in the natural history 

omparison population. 

a

963 
.2. Safety 

There were no deaths during the study and the majority 

f AEs experienced were classified as mild or moderate. 
ll patients ( n = 131) discontinued the study and the 
ost common reason for study discontinuation was study 

ermination by sponsor (76 patients, 58.0%), followed by 

ithdrawal by subject (50 patients, 38.2%), other (three 
atients, 2.3%) and physician decision (two patients, 1.5%). 
ne patient (0.8%) withdrew prematurely from treatment due 

o non-serious AEs of asthenia and paraesthesia. 
One hundred and twenty (91.6%) patients experienced 

n AE up to the final analysis ( Table 3 ), and 36 (27.5%) 
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Table 3 
Adverse events, safety-evaluable patients. 

AEs (safety evaluable patients) Placebo in Phase 2 Olesoxime in Phase 2 Olesoxime in Phase 1b Total patients 
n = 40 n = 89 n = 2 N = 131 

Patients with ≥1 AE, n (%) 38 (95.0) 80 (89.9) 2 (100.0) 120 (91.6) 
Total number of events 377 617 19 1013 
Total number of deaths, n (%) 0 0 0 0 
Total number of patients with ≥1: 

SAE, n (%) 13 (32.5) 22 (24.7) 1 (50.0) 36 (27.5) 
SAE leading to withdrawal from 

treatment, n (%) 
0 0 0 0 

SAE leading to dose 
modification/interruption, n (%) 

6 (15.0) 10 (11.2) 0 16 (12.2) 

Related SAE, n (%) 1 (2.5) 0 0 1 (0.8) 
Related AE, n (%) 7 (17.5) 10 (11.2) 0 17 (13.0) 
Related AE leading to withdrawal from 

treatment, n (%) 
1 (2.5) 0 0 1 (0.8) 

Related AE leading to dose 
modification/interruption, n (%) 

2 (5.0) 1 (1.1) 0 3 (2.3) 

AE leading to withdrawal from 

treatment, n (%) 
1 (2.5) 0 0 1 (0.8) 

AE leading to dose 
modification/interruption, n (%) 

14 (35.0) 28 (31.5) 0 42 (32.1) 

AEs observed in SMA patients in the Placebo and Olesoxime arm in the Phase 2 study, and receiving Olesoxime in Phase 1b study. Percentages are based 
on N in column headings. Multiple occurrences of the same AE in one individual are counted only once except for ‘total number of events’ row in which 
multiple occurrences of the same AE are counted separately. Includes AEs with onset from first dose of study drug through 28 days after last dose of study 
drug. 
AE, adverse event; n , number; SAE, serious AE. 
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atients experienced a serious AE (SAE). Overall, the most 
ommon AEs of any grade were upper respiratory tract 
nfection (29.0%), nasopharyngitis (22.9%), pyrexia (21.4%), 
omiting (18.3%) and headache (17.6%). AEs reported in 

5% of patients are reported in Table S1. Overall, 74 SAEs 
ere reported in 36 patients (27.5%). The most common 

AEs were pneumonia and lower respiratory tract infection, 
ccurring in 10/131 (7.6%) and 4/131 (3.1%) patients, 
espectively. 

Forty-one patients reported 81 AEs leading to dose 
nterruption of olesoxime treatment, of which the most 
ommon were vomiting (10 patients; 7.6%) and gastroenteritis 
6 patients; 4.6%). The majority of these AEs resolved and 

ere reported as not related to study medication. One patient 
eported a mild and non-serious AE of enteritis which led 

o a reduction of the olesoxime dose; this was reported as 
esolved at study termination. 

Treatment-related AEs occurred in 17/131 (13.0%) 
atients; eleven were reported as not resolved, two were 
eported as resolving and one was reported as unknown 

utcome at study termination. The most common treatment- 
elated AE was diarrhea, which was reported in four 
atients (3.1%). Two patients reported five mild/moderate 
Es that were classified as treatment-related and led to 

ose interruption: vomiting in one patient and alanine 
minotransferase increased, aspartate aminotransferase 
ncreased, gamma-glutamyltransferase increased and 

ransaminases increased in another. All were reported as 
esolved at study termination. 
e

964 
One patient reported an SAE of respiratory distress that 
as assessed as related to olesoxime and led to dose 

nterruption (two doses not taken, one on the day of event 
nset and one on Day 3 after event onset). The respiratory 

istress was reported as resolved after 8 days of treatment 
ith amoxicillin/clavulanate potassium and did not recur 
nder continuation of olesoxime. 

As only a small number of patients ( n = 21) switched to 

he 10 mg/kg twice daily dose, no comparison was performed, 
nd no conclusions could be drawn based on dose increase. 
he most common AEs by dose are summarized in Table S1. 

Analysis of all other safety parameters did not reveal any 

afety concerns. 

.3. Efficacy 

The mean MFM D1 + D2 score decreased in the ITT 

opulation over the course of the study ( Fig. 2 ). Baseline 
otor function was maintained until Week 52; this was 

ollowed by a decline until the end of study where a 
ean decline of 4.87 points (95% confidence interval [CI]: 
7.34, −2.39) in MFM D1 + D2 score and a mean 4.02- 

oint decline (95% CI: −6.39, −1.65) in total MFM was 
bserved in patients remaining in the study at Week 130. Only 

4/128 (50.0%) patients in the ITT population completed the 
ssessment at Week 130. Individual patient changes from 

aseline in MFM D1 + D2 score at Week 104 are shown in 

ig. S1. 
Subgroup analyses were performed to examine potential 

fficacy differences in olesoxime treatment due to SMA type, 
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Fig. 2. Mean change from baseline in MFM D1 + D2 score in patients treated with olesoxime by age group and SMA type in ITT population. 
Mean change ( ±95% CIs) from baseline in MFM D1 + D2 score in individuals treated with olesoxime by age group and by SMA type. 
∗All patients includes one patient with Type 1b SMA. 
CI, confidence interval; D, domain; ITT, intent to treat; MFM, Motor Function Measure; SMA, spinal muscular atrophy. 
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K exposure, age, prior exposure to olesoxime in earlier trials 
nd the ability to sit at baseline. Results of subgroup analyses 
emonstrated that the greatest decline in motor function was 
een in patients ≤15 years old in both Types 2 and 3 SMA, 
 Fig. 2 ), whereas in older patients ( > 15 years old) motor
unction was stable or slightly improved ( Fig. 2 ). When age 
as not taken into account, there was a greater decline in 

atients with Type 2 SMA than in those with Type 3 SMA 

fter Week 26 (Fig. S2). Patients who were able to sit had 

igher MFM scores at baseline and declined more than those 
ho were unable to sit (Fig. S3). 
The olesoxime-treated patient population was well matched 

o the natural history cohort with respect to gender and SMA 

ype ( Table 2 ). The matched olesoxime-treated population was 
lightly older on average, with a mean age of 14.8 years vs. 
3.9 years. The matched untreated population also had higher 
FM D1 + D2 (32.8 vs. 30.3) and MFM total (43.2 vs. 41.7) 

cores. Absolute standardized mean differences were < 0.2 for 
ll variables and variance ratios ranged between 0.6 and 1. 

Comparison of motor function between the natural history 

nd olesoxime-treated patients in the matched population 

as carried out to Week 52. Between Week 52 and Week 

04 the population of the NatHis-SMA study reduced by 

alf as a result of patient withdrawal from that study; 
imilarly, there was a limited number of eligible patients in 

he natural history database with 2-year data. Compared with 
965 
he natural history data in the matched population, patients 
reated with olesoxime demonstrated small, non-significant 
hanges in motor function over 52 weeks ( Fig. 3 ). There 
ere no significant differences in least squares means between 

he matched natural history and olesoxime-treated patients at 
eek 26 for the MFM D1 + D2 score (1.03; 95% CI: −0.46, 

.52; p = 0.175) or at Week 52 (0.74; 95% CI: −0.64, 2.12; 
 = 0.292) or for the MFM total score at Week 26 (1.12; 95% 

I: −0.18, 2.41; p = 0.092) or at Week 52 (0.65; 95% CI 
0.62, 1.92; p = 0.311). At Week 52, the difference in MFM 

1 + D2 changes between patients treated with olesoxime and 

atural history data was similar for patients with Type 2 and 

ype 3 SMA (Fig. S4); however, due to the small number of 
atients with Type 3 SMA in the natural history cohort, these 
esults should be interpreted with caution. 

PK analysis ( Fig. 4 ) demonstrated that the gradual decline 
bserved in MFM D1 + D2 score was similar in patients with 

igher PK exposure (mean ≥7500 ng/mL) compared with 

ower PK exposure (mean < 7500 ng/mL). Up until Week 52 

here was less decline in D1 + D2 in patients previously treated 

ith olesoxime but from Week 78 the differences diminished 

Fig. S5). 
Respiratory outcomes as measured by FVC/TC declined in 

atients over the course of the study ( Fig. 5 ). FVC/TC was 
table or improved in patients with Type 3 SMA > 15 years 
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Fig. 3. LS mean change from baseline in MFM D1 + D2 score in patients treated with olesoxime and a matched untreated natural history population (MMRM 

analysis; ITT population). 
A comparison of the LS mean change ( ±95% CIs) from baseline in MFM D1 + D2 score over 52 weeks in patients treated with olesoxime and a matched 
untreated natural history population. MMRM analysis. Matching based on SMA type, age at baseline, MFM D1 + D2 score at baseline and gender. 
CI, confidence interval; D, domain; ITT, intent to treat; LS, least squares; MFM, Motor Function Measure; MMRM, mixed models repeated measures; SMA, 
spinal muscular atrophy. 

Fig. 4. Mean change from baseline in MFM D1 + D2 score by PK exposure in ITT population. 
Mean change ( ±95% CIs) from baseline in MFM D1 + D2 score in individuals who have a higher PK exposure (mean ≥7500 mg/mL) or a lower PK exposure 
(mean < 7500 mg/mL) to olesoxime. 
CI, confidence interval; D, domain; ITT, intent to treat; MFM, Motor Function Measure; PK, pharmacokinetics. 

966 
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Fig. 5. Mean change from baseline in FVC/TC by age group and SMA type in ITT population. 
Mean change ( ±95% CIs) in FVC/TC (%) from baseline by age group and by SMA type. 
CI, confidence interval; FVC, forced vital capacity; ITT, intent to treat; SMA, spinal muscular atrophy; TC, theoretical capacity. 
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ld but declined in patients with Type 2 SMA and patients 
ith Type 3 SMA ≤15 years old ( Fig. 5 ). 

. Discussion 

This study aimed to further characterize the safety, 
olerability and efficacy of olesoxime in SMA. Olesoxime had 

 favorable safety profile; one patient discontinued treatment 
ue to an AE. The most common SAE was pneumonia and 

he most common any grade AE was upper respiratory tract 
nfection. Safety results were consistent with the previous 
hase 2 study of olesoxime in patients with SMA [32] . The 
bserved AE profile was consistent with the symptoms and 

isease history of patients with SMA [45] . The length of 
he study period and the number of patients ( n = 21) exposed 

o olesoxime 10 mg/kg twice a day was insufficient to draw 

onclusions on comparative safety at higher doses. 
Olesoxime treatment resulted in maintained motor function 

or 52 weeks; however, at study end (130 weeks), a 4.02- 
oint mean decline in total MFM and a 4.87-point decline in 

1 + D2 score was observed. Some differences in MFM scores 
etween patients treated with olesoxime and patients that 
eceived placebo in the previous Phase 2 trial were observed. 
uring the initial 52 weeks, patients previously treated with 

lacebo had a more prominent decline in MFM score than 

hose previously treated with olesoxime, suggesting potential 
ifferences in the initial randomized groups. However, by 

eek 78, although patients treated with placebo did have 
967 
arger declines in motor function, the numerical difference 
etween the two groups had reduced. 

Matched analyses showed only small, non-significant 
ifferences between untreated patients and patients treated 

ith olesoxime, and even this small difference diminished 

ver time. There was no clear evidence that olesoxime 
rovides significantly better efficacy than natural history after 
2 months. 

Natural history study investigating changes in motor 
unction in patients with Types 2 and 3 SMA, as assessed by 

he Hammersmith Functional Motor Scale, have demonstrated 

iffering trajectories of motor function decline according 

o patient age, whereby patients between the ages of 5 

nd 15 years old showed the greatest negative change 
ver 12 months compared with older age groups [46] . 
ongitudinal studies of pulmonary function in SMA have 
emonstrated that FVC correlates well with motor function 

nd is an important determinant of survival in patients with 

MA [47] . 
OLEOS patients demonstrated a steady decline in FVC/TC 

uring the study, which has also been reported looking at 
 estimated FVC values in untreated patients of this age 

ange with Types 2 and 3 SMA [48] . However, FVC/TC 

alues appeared more stable in older patients ( > 15 years) 
ith Type 3 SMA in OLEOS. Wijngaarde et al. [48] found 

 estimated FVC in untreated patients with Type 3a SMA 

ontinued to decline until a slightly older age (around 20 

ears), whereas % estimated FVC remained relatively stable 
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n untreated patients with Type 3b SMA. Estimated/theoretical 
VC is derived from patient height, which can be difficult to 

easure in patients with SMA due to scoliosis. Differences 
n the method used to determine height could account for 
ome of the difference between the two studies: Wijngaarde 
t al. [48] used arm span as a surrogate measure in these 
atients, whereas OLEOS derived patient height from ulna 
ength. Patients in OLEOS were also not further classified 

nto Types 3a and 3b. 
In contrast to the observations from the previous Phase 2 

rial, in which olesoxime treatment resulted in an increase in 

FM score from baseline in patients with higher olesoxime 
xposure (mean ≥7500 ng/mL) after 2 years, no difference 
as observed in MFM score between high- and low-exposure 
roups. These results demonstrate that there is no clear 
vidence to support higher olesoxime exposure. 

Overall, the results of OLEOS did not confirm the results 
bserved in the Phase 2 study; there was no stabilization 

f motor function and FVC declined over the course of the 
tudy. There was also no effect of olesoxime treatment at a 
igher exposure or at a younger age. It is therefore difficult 
o determine a position for olesoxime in the SMA treatment 
andscape alongside recently approved SMN-upregulating 

reatments such as nusinersen, onasemnogene abeparvovec 
nd risdiplam, which have dramatically altered the natural 
istory of SMA. 

As SMA primarily affects children, the long-term 

anagement of this disease is a key consideration for an 

ffective therapy in this population. Treatment of SMA may 

roceed in the direction of combination therapies integrating 

reatments which increase SMN levels together with those 
hat support muscle function and/or neuroprotection [49] , 
articularly in patients who continue to lose muscle function 

n treatment and in those patients who are older with 

onger disease duration. An under-investigated concern in 

hese patients is fatiguability, with SMA patients reporting 

hat they fatigue easily when carrying out repetitive motions, 
uch as when moving the arm up and down during eating or 
rushing teeth [50 , 51] . Although not investigated in OLEOS, 
t would be particularly important to ascertain how therapies 
hat alter mitochondrial signaling pathways may impact 

uscle fatigue. However, while theoretically mitochondrial 
reservation might be a good partner for combination with 

ther SMN-targeting therapies, the clinical effects obtained 

ith olesoxime are not robust or stable enough to make it a 
ood partner for combination studies. 
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