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I got married in this hotel on March 17, 2018.

Disclosures



• Background
• Edaravone trials
• Access issues

• Patient introduction
• Retrospective study of UTSW patients

Outline



• Free radical scavenger (antioxidant)
• Developed in 1980’s
• Used in Japan for stroke since 2001

• 30 mg IV bid x 14 days

• Oral formulation finished phase 1
• Phase 2 ADORE – ALS Deceleration study with Oral Edaravone

Edaravone (Radicut or Radicava)



• Phase 2 study in Japan in 2006
• Decrease in an oxidative stress biomarker (3-nitrotyrosine)
• Slowed decline in ALSFRS-R scores after six months

• Phase 3 study in Japan in 2014
• No improvement in ALSFRS-R scores compared to placebo
• Post-hoc analysis  benefit in “early” ALS
• Abe et al., 2014

Edaravone Trials in ALS

Jaiswal 2018



The Key Inclusion Criteria

Age Disease 
duration

FVC El Escorial 
Criteria

Japan Severity
Classification

Observation 
period

ALSFRS-R

The new 
trial

20-75 ≤2 years ≥80% Definite or 
probable

Grade 1 or 2 1 to 4 point 
ALSFRS-R 
decrease

At least 2 
points on all 

items

The 
negative 

trial

20-75 ≤3 years ≥70% Definite or 
probable

Grade 1 or 2 1 to 4 point 
ALSFRS-R 
decrease

No 
restriction



Lancet Neurology, May 2017

Treatment period
• 6 cycles

• Cycle 1: Edaravone 60 mg IV qd x 2 weeks 
followed by 2 weeks off 

• Other cycles: Edaravone 60 mg IV qd in 10 of 14 
days followed by 2 weeks off

Primary endpoint
• Change in ALSFRS-R score from baseline to the 

end of cycle 6 

Abe et al., 2017



Primary Endpoint

Least squares mean difference in mean ALSFRS-R score was in favor of edaravone.

Roughly 2.5 ALSFRS-R points over 6 months.

FDA approval on May 5, 2017

Abe et al., 2017



• Insurance coverage is the main barrier to patient access to edaravone.

• Sometimes, coverage is restricted to patients that meet the inclusion 
criteria for the positive study.

• Payers want to know how a scale relates to human experience.

• Is a 2.5 point difference in ALFRS-R over 6 months clinically 
meaningful?

Access Concerns

Brooks et al., 2018



• Healthcare providers have a fiduciary responsibility to their patients.

• Treatment with edaravone is intensive.
• Indwelling line
• Travel to an infusion center
• Nearly half of a patient’s days involve a one hour infusion

Quality of Life Concerns

Yeo & Simmons, 2018





• A 68 year old man presents to clinic with progressive right hand 
weakness and generalized twitching for the last five years.

• Exam
• Asymmetric distal > proximal extremity weakness
• Diffuse fasciculations and hyperreflexia
• Normal sensation

• MR cervical spine: right C5 nerve root compression
• EMG: active denervation in cervical and thoracic myotomes, chronic 

denervation in lumbar myotomes. Fasciculations seen throughout.

Case 



The Edaravone Process

ALS Diagnosis

• History and physical
• EMG/NCS
• Edaravone discussion

Searchlight 
Support

• Cost support
• Infusion site
• Education

Infusion 
Provider

• Specialty pharmacy
• Infusion site

Authorization

• Peer to peer
• Written appeal



• How long does it take to start edaravone?
• What are the reasons for delay?
• What are the routes of infusion? 
• Where does infusion take place?
• What are the reasons for denial?
• Are appeals successful?
• How long do patients stay on edaravone?

Questions



32 patients from UT Southwestern referred for edaravone. 

The Study Population

44%

22%

12%

9%
13%

Received Edaravone

Approved But Did Not
Start

Authorization Denied

Patient Declined

Unable to Characterize

(14)

(7)

(4)

(3)

(4)



Authorization Denied (n = 9)

Of the 21 patients approved for edaravone, 8 had FVC < 80%.

0 1 2 3 4 5

FVC < 80%

At least 2 points on each ALSFRS-R item

Unclear reason

Clerical error

Number of Denials Later Approved



Starting Edaravone
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On average, 46% of the time to first dose is accounted for by time to insurance approval.



Routes of Infusion
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Location of Infusion

43%

43%

14%

Home Infusion Center Unknown



First Dose To Stop Date
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Average number of days on edaravone is 188 days (roughly 6 cycles).



• How long does it take to start edaravone? 60 days on average
• What are the reasons for delay? Insurance approval accounts for 27 days. 
• What are the routes of infusion? Port > PICC
• Where does infusion take place? Home and away are equally common.
• What are the reasons for denial? Often the reason is unclear but 

sometimes clerical and sometimes trial based.
• Are appeals successful? Often unless FVC is the reason for denial
• How long do patients stay on edaravone? 188 days on average

Summary
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What is a Free Radical Scavenger?

• It is an antioxidant.

• A free radical is any atom or molecule 
that has an unpaired electron. 

• Famous antioxidants
• Glutathione
• Superoxide dismutase 
• Ascorbic acid

• And now edaravone
• Hydrophobic crossing BBB
• ~$1,000 per infusion
• ~$145,000 per year



Edaravone (Radicut or Radicava)

• Developed by Mitsubishi 
Tanabe Pharma in 1980’s

• Alias is MCI-186
• Used in Japan for stroke 

since 2001
• 30 mg IV bid x 14 days
• Multiple small trials have 

shown mRS benefit

• Oral formulation by 
Treeway is in phase I trials 



Amyotrophic Lateral Sclerosis

A Clinical Lesson at the Salpêtrière (1887)



Free Radicals in ALS? 
• Primary degeneration of gray matter 

• Spinal cord motor neurons
• Cortical motor neurons (pyramidal cells)  retrograde loss of the 

corticospinal tract

• Intracellular inclusions 
• Superoxide dismutase (SOD1)
• TDP-43
• FUS
• Cystatin C or transferrin (Bunina bodies)
• Ubiquitinated inclusions 

• SOD1 gain of function mutation  increased free radicals



Mutated motor neurons are not enough. Mutated glial cells are needed too.

Carri (2017)



Riluzole

Monk (2006)



Edaravone Trials in ALS

• Phase II study in Japan in 2006 
• Decrease in an oxidative stress biomarker (3-nitrotyrosine)
• Slowed decline in ALSFRS-R scores after six months

• Phase III study in Japan in 2014
• No improvement in ALSFRS-R scores compared to placebo
• Post-hoc analysis  benefit in “early” ALS



Lancet Neurology, May 2017



PICO Question

P: 

“Early” ALS

I: Edaravone

C: 

Placebo 

O: 

ALSFRS-R



Revised ALS Functional Rating Scale (ALSFRS-
R), 1999

12 Point Scale









Japan ALS Severity Classification

1.Able to work or perform housework
2.Independent living but unable to work
3.Requiring assistance for eating, excretion or ambulation
4.Presence of respiratory insufficiency, difficulty in coughing out 

sputum or dysphagia
5.Using a tracheostomy tube, tube feeding or tracheostomy positive 

pressure ventilation.



El Escorial Criteria, 2000 

Cranial

Cervical

Thoracic

Lumbosacral



“Early” ALS

• Inclusion criteria
• Age 20-75
• Disease duration of ≤ 2 years
• Forced vital capacity ≥ 80%
• Grade 1 or 2 on Japan ALS Severity Classification
• At least 2 points on all items of ALSFRS-R 
• Definite or probable ALS by El Escorial criteria
• Observation period

• Must have a 1 to 4 point decrease in the ALSFRS-R in a 12 week period



Further details

• Exclusion criteria
• Spinal surgery after onset of 

ALS
• Creatinine clearance ≤ 50 

mL/min
• Riluzole

• OK to continue without
changing dose

• Cannot start 
• Patient population

• 31 hospitals in Japan
• 2011 to 2014



Do you dare?

• After the observation period, an independent registration center 
randomized patients.

• Identical ampules
• Edaravone 60 mg in 100 mL saline 
• Saline only placebo

• Treatment period
• 24 weeks 
• 6 cycles

• Cycle 1: Edaravone 60 mg IV qd x 2 weeks followed by 2 weeks off 
• Other cycles: Edaravone 60 mg IV qd in 10 of 14 days followed by 2 weeks off

• Extended to 12 cycles (unpublished)  









Outcomes

• Primary endpoint
• Change in ALSFRS-R score from baseline to the end of cycle 6 

• Secondary endpoints 
• Change in FVC
• Modified Norris Scale (limb, bulbar, total)
• ALS Assessment Questionnaire (ALSAQ-40)  subjective well being
• Japanese ALS Severity Classification 
• Grip strength
• Pinch strength 
• Time to death or time to “specified state of disease” 



Statistical analysis

• ALSFRS-R change was judged by 
least squares  mean difference

• Anyone who reached cycle 3 was 
included 

• For missing values at the end of cycle 
6, data was imputed by the last 
observation carried forward (LOCF) 
method

• Affects type 1 error (false positive) rate 
for the treatment effect 

• Post-hoc analysis with a mixed effects 
model for repeated measures (MMRM)



Results

• Primary endpoint
• Least squares mean difference in mean ALSFRS-R scores was in favor of 

edaravone.
• 2.49 (95% CI 0.99 – 3.98, p = 0.0013)

• Secondary endpoints
• Modified Norris Scale (total) favored edaravone
• ALSAQ-40 favored edaravone
• No difference in:

• FVC
• Grip, pinch strength 
• Time to death or time to “specified state of disease” 
• Japanese ALS severity classification  







Conclusion

• Progression of early ALS is slowed by edaravone.
• Roughly 2.5 ALSFRS-R points over 6 months 



FDA Approval
• May 5, 2017 

• Orphan Drug Status

• “The efficacy of edaravone for the treatment of ALS was 
demonstrated in a six-month clinical trial conducted in 
Japan. In the trial, 137 participants were randomized to 
receive edaravone or placebo. At Week 24, individuals 
receiving edaravone declined less on a clinical assessment of 
daily functioning compared to those receiving a placebo.” –
FDA press release



Is this a high quality trial?

• Is 137 patients an adequate amount of test subjects?
• The failed phase III trial had 206 patients.

• Bias is inherent in a trial run by the pharmaceutical company. 
• However, the trial appears well run with a focused conclusion.



Is this a clinically meaningful 
population?Age Disease 

duration
FVC Diagnosis Japan Severity Observation 

period
ALSFRS-R

This trial 20-75 ≤2 years ≥80% Definite or 
probable

Grade 1 or 2 1 to 4 point 
ALSFRS-R 
decrease

At least 2 
points on all 

items

The failed 
trial

20-75 ≤3 years ≥70% Definite or 
probable

Grade 1 or 2 1 to 4 point 
ALSFRS-R 
decrease

No 
restriction



Is the result clinically meaningful?


