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Abstract

Introduction/Aims: Lipid peroxidation is thought to play a biologically important role

in motor neuron death in amyotrophic lateral sclerosis (ALS). 11,11 Di-deuterated

linoleic ethyl ester (RT001) prevents lipid peroxidation in cellular and mitochondrial

membranes. Herein we report on the use of RT001 under expanded access (EA).

Methods: We provided RT001 to patients with ALS via EA at a single site. The start-

ing dose was 2.88 g/day, which was increased to to 8.64 g/day as tolerated. Partici-

pants were not eligible for alternative clinical trials. Participants were followed for

adverse events and pharmacokinetic (PK) parameters were measured approximately

3 months after RT001 initiation.

Results: Sixteen participants received RT001 (5.6 ± 1.6 g/day; dose range, 1.92 to

8.64 g/day) for a mean period of 10.8 ± 7.1 months. After 3 months of treatment, PK

studies showed that RT001 was absorbed, metabolized, and incorporated into red

blood cell membranes at concentrations expected to be therapeutic based on in vitro

models. The most common adverse events were gastrointestinal, including diarrhea,

which occurred in 25% of the participants, and were considered possibly related to

RT001. One participant (6%) discontinued due to an adverse event. Ten serious

adverse events occurred: these events were recognized complications of ALS and

none were attributed to treatment with RT001.

Abbreviations: AA, arachidonic acid; ALS, amyotrophic lateral sclerosis; ALSFRS-R, ALS Functional Rating Scale---Revised; D2-AA, di-deuterated arachidonic acid; D2-LA, di-deuterated linoleic

acid; EA, expanded access; EAP, expanded access protocol; FDA, US Food and Drug Administration; LA, linoleic acid; LPO, lipid peroxidation; PK, pharmacokinetic; PUFA,, polyunsaturated fatty

acid; RBC, red blood cell; RT001, 11,11 di-deuterated linoleic ethyl ester; SVC, slow vital capacity

.

Received: 4 February 2022 Revised: 22 June 2022 Accepted: 26 June 2022

DOI: 10.1002/mus.27672

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2022 The Authors. Muscle & Nerve published by Wiley Periodicals LLC.

Muscle & Nerve. 2022;66:421–425. wileyonlinelibrary.com/journal/mus 421

https://orcid.org/0000-0002-5820-5880
https://orcid.org/0000-0003-0898-6081
https://orcid.org/0000-0002-7075-1681
https://orcid.org/0000-0003-0505-1168
mailto:spaganoni@mgh.harvard.edu
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/mus


Discussion: RT001 was administered safely to a small group of people living with

ALS in the context of an EA protocol. Currently, there is an ongoing randomized, dou-

ble-blind, controlled study of RT001 in ALS.

K E YWORD S

amyotrophic lateral sclerosis, expanded access program, motor neuron disease, RT001

1 | INTRODUCTION

Whether as a primary cause of disease or a secondary consequence, oxi-

dative stress is implicated in amyotrophic lateral sclerosis (ALS).1 Oxida-

tive stress and lipid peroxidation (LPO) have been documented in both

ALS animal models and in clinical studies.2,3 LPO is particularly pro-

nounced in ALS, with several proteins important for motor neuron and

axonal function and development being irreversibly modified by LPO

products.4 LPO leads to changes in membrane lipid composition and the

generation of harmful reactive aldehydes that have a downstream effect

on energy, structure, and signaling in motor neuron diseases,5 and neu-

roinflammatory alterations in ALS further implicate LPO.6

RT001 is a deuterated homolog of linoleic acid (11,11 di-deuter-

ated linoleic ethyl ester) that makes membrane polyunsaturated fatty

acids (PUFAs) resistant to LPO. A strong protective effect against LPO

is seen when deuterated PUFAs replace non-deuterated PUFAs in

lipid bilayers.7 Inhibition of LPO begins when concentrations of di-

deuterated linoleic acid (D2-LA) reach 10% and these effects seem to

plateau at 20%. Treatment with RT001 has shown early signs of effi-

cacy in patients with Friedreich ataxia, a disorder of intracellular free-

iron imbalance that initiates LPO, resulting in increased oxidative

stress and mitochondrial dysfunction.8 Because of the close associa-

tion of oxidative damage with progression in ALS, RT001 has been

proposed as a possible treatment for this disease and is now being

tested in an ongoing randomized, double-blind, controlled study in

ALS (NCT04762589 at ClinicalTrials.gov).

We provided RT001 to a small group of individuals with ALS who

were not eligible for the trial via expanded access protocols (EAPs). EAPs

or “compassionate-use” programs are available as regulatory mecha-

nisms to grant access to investigational products outside clinical trials.

These programs are intended for patients with serious or life-threaten-

ing conditions for which there are no satisfactory alternative treatment

options. Given the rapidly progressive and fatal nature of ALS, there has

been growing interest in developing EAPs for people living with ALS

who are not eligible for clinical trials but wish to participate in clinical

research. EAPs also provide a unique opportunity to collect preliminary

safety and biomarker data in a broad patient population, thereby supple-

menting the clinical development program. Herein, we report the initial

experience of this single-center EAP of RT001 in people with ALS.

2 | METHODS

Participants were enrolled at Massachusetts General Hospital

through either a “single-patient” EAP or an “intermediate-size”

EAP. Consistent with Food and Drug Administration (FDA)

EAP guidelines, participants were not eligible for satisfactory alter-

native therapies or clinical trials. The protocols were designed to

include a broad patient population; the only factors limiting inclu-

sion were a life expectancy of less than 6 months and clinically sig-

nificant laboratory abnormalities. The investigational site was

responsible for protocol design, conduct, and regulatory filings.

RT001 was provided by the manufacturer (Retrotope) to the site.

Approvals were obtained according to the institutional review board

and FDA, and all participants provided informed consent before

participation.

Participants received oral RT001 in 960-mg gelcaps three times

daily (total 2.88 g/day) with meals for 2 weeks. This was increased

to two gelcaps three times daily (5.76 g/day) or three gelcaps three

times daily (8.64 g/day), taken with meals as tolerated. If a partici-

pant demonstrated a D2-arachidonic acid red blood cell (RBC) mem-

brane level of less than 2%, based on PK sample trough analysis

while enrolled in the protocol, then the principal investigator was

permitted to increase the RT001 total dose to 8.64 g/day. Dosing

could also be reduced to a minimum of two gelcaps daily based on

participant tolerance.

Adverse events (AEs) were reported during regular visits or during

telephone follow-up by study staff. Site investigators determined

whether AEs were related to the RT001. Pharmacokinetic (PK) sam-

pling was performed at month 3 in participants who completed the

study visit in person. PK sampling was not obtained if the month 3

visit was conducted by telemedicine. The analytes included plasma

and RBC membrane levels of D2-LA and its centrally active metabolite

D2-arachidonic acid (D2-AA).9 The results for plasma and RBC mem-

brane levels of D2-LA and D2-AA were reported as a percentage of

the total LA and AA. Routine clinical safety laboratory analyses were

collected at baseline, month 1, month 6, and every subsequent

6 months, including complete blood count with differential, electro-

lytes, alanine aminotransferase, and aspartate aminotransferase. Labo-

ratory evaluations were collected either onsite or remotely, at local

clinical laboratories. Results were reviewed by study staff upon

receipt for safety monitoring.

The ALS Functional Rating Scale---Revised (ALSFRS-R) score

and slow vital capacity (SVC) were obtained at baseline and approxi-

mately every 6 months after enrollment. The ALSFRS-R measures

12 items in four domains of function, each scored on a scale from 0

to 4, with higher scores indicating better function. Because the pri-

mary purpose of this EAP was to provide access to RT001 to a

broad population not eligible for clinical trials, no comparative arm

was included, and no statistical comparisons were made.
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3 | RESULTS

3.1 | Baseline characteristics

Sixteen participants with ALS received RT001 via two EAPs. The first

protocol enrolled a single participant. This was followed by an inter-

mediate-size EAP that included 15 participants. The baseline demo-

graphic and disease characteristics are summarized in Table 1.

Because EAPs are designed to provide access to a broad population,

most participants had a long disease duration, lack of upper motor

neuron signs, or relatively advanced disease. Most participants were

receiving either riluzole, edaravone, or both before trial entry.

3.2 | Screening, enrollment, and follow-up

Participants received RT001 for period of 10.8 ± 7.1 (mean ± standard

deviation) months after enrollment. Participants received one gelcap

three times daily with meals for 2 weeks. Of these participants, one

reduced the dose to two gelcaps daily due to intolerance. One partici-

pant did not up-titrate the dose after discussion with the site investi-

gator due to the presence of unrelated symptoms of chronic urinary

tract infection and remained at the starting dose for the duration of

the study. The remaining 14 participants increased to two gelcaps

three times daily taken with meals. One of these participants reduced

the dose to one gelcap three times daily after experiencing dizziness

when the study drug was up-titrated. One participant had a dose

escalation to three gelcaps three times daily.

Most AEs were attributed to ALS, such as falls, fatigue, and short-

ness of breath. Other common AEs were gastrointestinal, including

four participants (25%) reporting diarrhea. These episodes were con-

sidered possibly related to RT001 and were expected based on the

drug's safety profile characteristics. There were no abnormalities on

clinical safety laboratory evaluations related to study drug. Ten seri-

ous AEs (SAEs) occurred in 8 of the participants. The most common

SAE was respiratory failure. All these SAEs were attributed to ALS dis-

ease progression.

A diagrammatic representation of participant progress and the

reasons for RT001 discontinuation are presented in Figure 1. One par-

ticipant discontinued due to gastrointestinal discomfort. The remain-

ing reasons for discontinuation included death, disease progression,

enrollment in a different EAP, and perceived lack of efficacy. One par-

ticipant has remained on RT001 (longest follow-up as of June 2022:

39 months). Individual ALSFRS-R and SVC plots are presented in

Figures S1 and S2.

3.3 | Pharmacokinetics

A total of nine participants underwent PK sampling 2.7 ± 0.6 months

after starting RT001. D2-LA as a percentage of total LA was 14.1

± 7.9% in plasma samples and 13.0 ± 5.9% in RBC membranes. D2-

AA as a percentage of total AA was 3.7 ± 2.4% in plasma samples and

3.0 ± 2.1% in RBC membranes.

4 | DISCUSSION

In this study, RT001 was administered safely to people living with

ALS. RT001 was absorbed, elongated into D2-AA, and incorporated

into RBC membranes in therapeutic concentrations. This EAP was

conducted before an appropriate RT001 loading dose and period were

firmly established. As a result, the doses of RT001 used in this study

did not include loading doses, and maintenance doses were lower

than the recommended doses in ongoing clinical trials in other neuro-

degenerative diseases such as Friedreich ataxia and progressive supra-

nuclear palsy (NCT04102501 and NCT04937530 at ClinicalTrials.

gov), and the phase 2 ALS trial currently underway. Consequently, the

plasma and membrane levels achieved with RT001 in this early-stage

safety experience are lower than those expected in ongoing trials.

This expanded access experience helped to inform loading and more

appropriate dosing in contemporary clinical trials. Current studies in

adult patients recommend a 1-month loading period for RT001 of

8.64 g/day, followed by a maintenance dose of 5.76 g/day (usually

divided into twice-daily portions). This regimen has been associated

with D2-LA and D2-AA accounting for at least 20% of the total LA

and AA, respectively, and this threshold has been shown to have a sig-

nificant protective effect against LPO in cellular membranes.7 Accu-

mulating PK evidence of RT001 uptake, elongation into D2-AA, entry

into the cerebrospinal fluid, and incorporation into cell membranes at

these target therapeutic levels have been demonstrated at the higher

doses currently recommended.9

Several factors limit interpretation of the present clinical results.

The EAP was small, open-label, and, by design, was intended to

TABLE 1 Demographic and clinical characteristics of participants
at baseline

Characteristic

RT001

EAP (N = 16)

Male sex, n (%) 11 (68.8%)

White race, n (%)a 15 (93.8%)

Age, years, mean ± SD 56.8 ± 10.3

Bulbar onset, n (%) 5 (31.3%)

Riluzole or edaravone use, n (%) 13 (81.3%)

Riluzole, n (%) 13 (81.3%)

Edaravone, n (%) 6 (37.5%)

Both, n (%) 4 (25.0%)

Slow vital capacity, % of predicted (n = 12),

mean ± SD

72.7 ± 22.9

ALSFRS-R total score, mean ± SD 30.4 ± 12.8

Months since ALS symptom onset, mean ± SD 38.7 ± 26.0

Months since ALS diagnosis, mean ± SD 23.5 ± 18.5

Presence of tracheostomy, n (%) 1 (6.3%)

Abbreviations: ALS, amyotrophic lateral sclerosis; ALSFRS-R, ALS

Functional Rating Scale---Revised; EAP, expanded access protocol; SD,

standard deviation.
aRace reported by the trial participant.
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provide access to a broad population. Several of the participants were

in very advanced stages of disease at enrollment; several of them died

or discontinued therapy due to disease progression. Of the 16

enrolled participants, 3 had ALSFRS-R scores of less than 20 at base-

line, and 5 discontinued RT001 within the first 6 months due to death

or advanced stage of disease. Although life expectancy longer than

6 months was one of the inclusion criteria, this is often hard to predict

based on clinical characteristics.

Despite the widespread interest in EAPs among patients, EAPs

are relatively new to ALS and most sites have limited experience

offering this option. In our experience, substantial site resources

are needed to support these programs and complete all necessary

study coordination, safety monitoring, and regulatory activities. We

estimate that the average site cost per month was $613.47 per

participant. Costs included salaries for site staff (nurse, coordinator)

to facilitate enrollment and safety monitoring, as well as costs

associated with data collection and regulatory reporting. Investiga-

tors did not charge for their effort. The study drug was provided at

no cost by the drug manufacturer, and program costs were covered

by philanthropic donations. Our EAP team gained significant expe-

rience with study set-up and management, regulatory submissions,

and reporting. Time from submission to approval was 44 days for

FDA approval, and 60 days for institutional review board (IRB)

approval. The first participant was enrolled 18 days after IRB

approval. As sites gain more experience with the operational

aspects of running EAPs and share their experiences, more sites

may be able to leverage the collective knowledge and plan

accordingly.

16 par�cipants were assessed for eligibility (15 
in the intermediate size EAP, 1 in the single 

pa�ent EAP)

16 enrolled 

1 (6%) remain enrolled in the intermediate size 
EAP at MGH as of 6/21/2022

7 (44%) completed 12-month follow up

3 (19%) completed 24-month follow up

9 (56%) discon�nued follow-up

3 (19%) died

3 (19%) par�cipated in another EAP

1 (6%) disease progression

1 (6%) due to perceived lack of efficacy

1 (6%) due to adverse events

4 (25%) discon�nued follow-up

2 (13%) due to disease progression

1 (6%) par�cipated in another EAP

1 (6%) died

2 (13%) discon�nued follow-up

2 (13%) par�cipated in another EAP

F IGURE 1 Flowchart of participant
progress throughout the expanded access
protocol (EAP).
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Our study has demonstrated that EAPs can be successfully imple-

mented alongside clinical trials in ALS. In addition, EAPs can provide

early safety and biomarker data. Experience gained the study has

helped to guide design and dosing of an ongoing randomized, double-

blind, placebo-controlled phase 2 ALS trial where the safety and effi-

cacy of RT001 are being formally tested (NCT04762589 at

ClinicalTrials.gov). This now fully enrolled study is scheduled to

release data very soon.
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