
BACKGROUND
•	 Amyotrophic lateral sclerosis (ALS)  

is a fatal neurodegenerative  
disease, characterized by  
motor neuron cell death and 
progressive paralysis (Figure 1)

•	 There is no cure, and most patients 
die within 3 to 5 years of symptom 
onset, usually of respiratory failure1

•	 Treatment consists primarily of 
symptom management and  
palliative care

•	 The US Food and Drug 
Administration (FDA) has approved 
riluzole and edaravone (intravenous 
[IV] and oral suspension) for the 
treatment of ALS

•	 IV and oral edaravone received FDA 
approval in May 2017 and May 2022, 
respectively

•	 In a phase 3 trial, IV edaravone was 
shown to slow the rate of functional 
decline by 33% (P = 0.0013) as measured by the ALS Functional Rating 
Scale-Revised (ALSFRS-R) compared with placebo treatment at 24 
weeks2

•	 In short-term randomized trials of IV edaravone, no statistically significant 
survival effect was confirmed over the 6-month double-blind period of the 
clinical trials or during the follow-up 6-month open-label extension

OBJECTIVE
•	 To evaluate overall survival in patients with ALS receiving IV edaravone 

compared with patients with ALS not receiving IV edaravone

METHODS
Optum Clinformatics® Data Mart
•	 The Optum Clinformatics® Data Mart (CDM) is statistically deidentified 

under the expert determination method consistent with the Health 
Insurance Portability and Accountability Act of 1996, and is managed 
according to Optum customer data use agreements (Figure 2)3

•	 The database includes approximately 17 million to 19 million annual 
covered lives, for a total of more than 65 million unique lives over a  
13-year period from January 2007 through December 2020. The 
population is geographically diverse, spanning all 50 states

•	 CDM administrative claims submitted for payment by providers and 
pharmacies are verified, adjudicated, and deidentified prior to inclusion. 
These data, including patient-level enrollment information, are derived 
from claims submitted for all medical and pharmacy healthcare services 
with information related to healthcare costs and resource utilization

Figure 2. Optum Clinformatics® Data Mart
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Mortality status (all-cause)
•	 The Optum date of death table is sourced from the Death Master File 

(DMF) maintained by the Social Security Administration 

•	 DMF data provide year and month of death, which were the basis for 
deriving mortality status

Key inclusion criteria
IV edaravone–treated cases
•	 Adults ≥18 years of age on the index IV edaravone date

•	 Diagnosis of ALS
	— Indicated by a diagnosis with the International Classification of 
Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) code 
G12.21; International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM): 335.20 on at least 1 claim in any 
setting (outpatient or inpatient)

•	 Initiated IV edaravone between August 8, 2017, and March 31, 2020 
(index date)

	— Indicated by at least 1 claim for IV edaravone using the Healthcare 
Common Procedure Coding System codes (J1301, J3490, C9493)  
or National Drug Code (70510-2171-xx)

•	 May or may not have received treatment with riluzole

Non-IV edaravone–treated controls
•	 Adults ≥18 years of age on index date (date that IV edaravone was 

commercially available – August 8, 2017)

•	 Diagnosis of ALS
	— Indicated by a diagnosis with the ICD-10-CM code G12.21; ICD-9-CM: 
335.20 on at least 1 claim in any setting (outpatient or inpatient)

•	 May or may not have received treatment with riluzole

Optum CDM retrospective study timeline
•	 Data were collected from patients with ALS before the index date (preindex 

disease duration period) and after the index date (follow-up; Figure 3)

Figure 3. Optum CDM Retrospective Study Timeline
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a Index date:  
IV edaravone–treated cases – Date of the first claim of IV edaravone.
Non-IV edaravone–treated controls – Date that IV edaravone was commercially available (August 8, 2017).

Propensity score matching
•	 1:1 propensity score matching was applied to find non-IV edaravone–

treated controls for IV edaravone–treated patients based on the nearest-
neighbor method (Figure 4)4

Figure 4. Propensity Score Matching
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Step 3

Patients in each group
are then matched
based on propensity
score using the nearest-
neighbor method 

Patients for whom 
no matching partner 
has been found are
excluded

The objective of the propensity score method is to estimate the effect of a treatment in
nonrandomized, interventional studies by adjusting for known confounding factors in a

mixed population of treated or untreated patients with varying characteristics to achieve a
balanced covariate distribution between the treated and untreated groups4

ALS, amyotrophic lateral sclerosis; IV, intravenous.
a Defined as the period between the date of first claim for ALS diagnosis and the first claim of IV edaravone for IV  
edaravone–treated patients or the date IV edaravone was available on the market (August 8, 2017) for patients with no IV 
edaravone treatment. 
b Medicare Advantage vs commercial.

Univariate analysis
•	 Chi-square analysis was used to compare categorical demographic and 

clinical characteristics between the 2 groups

•	 The Wilcoxon rank-sum test was applied for comparing continuous variables

Survival analysis
•	 Kaplan–Meier survival curve visualized the difference in survival between 

the treated and matched controls, using the log-rank test to detect 
significant differences

•	 Shared frailty Cox regression hazard ratio (HR) analysis was performed 
to estimate the benefit of IV edaravone by accounting for unobserved 
heterogeneity between the matched groups5

	— Mortality status was confirmed as of March 31, 2021

Sensitivity analysis6

•	 Examined the potential impact of unmeasured confounding on the result

•	 Examined the assumption of noninformative censoring

RESULTS
•	 The study population included 318 patients with ALS with at least 1 claim 

of IV edaravone and 318 non-IV edaravone–treated controls (Figure 5)

Figure 5. Disposition of Patients with ALS
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Patients with ALS in the Optum CDM initiating IV edaravone or riluzole between 8/8/2017 and 03/30/2020

N = 12892

Before propensity score matching

ALS, amyotrophic lateral sclerosis; CDM, Clinformatics® Data Mart; IV, intravenous.
a Matching on age, race, region, gender, preindex disease duration, insurance, preindex claims for cardiovascular disease and 
riluzole prescriptions, gastrostomy tube placement, artificial nutrition, noninvasive ventilation, all-cause hospitalization. 

•	 Covariates were balanced in the IV edaravone–treated cases and 
matched controls. Standardized mean difference values for all variables 
were below 0.1 (Table 1)

Table 1. Demographic and Clinical Characteristics (After Matching)

Demographic and clinical 
characteristics

IV 
edaravone 

case

Non-IV 
edaravone 
matched 
control SMD

N (%) 318 318
Age, mean (SD) 62.9 (10.1) 62.7 (10.2) 0.0194
Sex, n (%)

Female 134 (42.1) 134 (42.1) <0.001
Male 184 (57.9) 184 (57.9) 

Medicare Advantage, n (%) 189 (59.4) 189 (59.4) <0.001
Race, n (%)

White 226 (71.1) 236 (74.2) 0.0314
Black 28 ( 8.8) 18 ( 5.7) 0.0314
Other 35 (11.0) 33 (10.4) 0.0063
Unknown 29 ( 9.1) 31 ( 9.7) 0.0063

Region, n (%)
Midwest 64 (20.1) 86 (27.0) 0.0692
Northeast 51 (16.0) 59 (18.6) 0.0252
South 131 (41.2) 101 (31.8) 0.0943
West 72 (22.6) 71 (22.3) 0.0031
Unknown 0 ( 0.0) 1 ( 0.3) 0.0031

Preindex disease duration (days), 
mean (standard deviation)

211.8 (187.6) 203.7 (285.5) 0.0282

Riluzole, n (%) 208 (65.4) 208 (65.4) <0.001
Preindex cardiovascular disease, 
n (%)

29 ( 9.1) 29 ( 9.1) <0.001

Preindex gastrostomy tube, n (%) 24 ( 7.5) 24 ( 7.5) <0.001
Preindex artificial nutrition, n (%) 43 (13.5) 38 (11.9) 0.0157
Preindex noninvasive ventilation 48 (15.1) 54 (17.0) 0.0189
Preindex hospitalization, n (%) 73 (23.0) 73 (23.0) <0.001

IV, intravenous; SD, standard deviation; SMD, standardized mean difference.

Survival of IV edaravone–treated vs non-IV edaravone–treated 
patients with ALS
•	 As of March 31, 2021, there were 155 reported all-cause deaths (48.7%) 

among the IV edaravone–treated patients vs 196 (61.6%) among the 
matched controls (Figure 6)

Figure 6. All-Cause Deaths of IV Edaravone–Treated vs Non-IV 
Edaravone–Treated Patients With ALS
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ALS, amyotrophic lateral sclerosis; IV, intravenous.

•	 Initiation of IV edaravone resulted in a 6-month longer median survival 
compared with the non-IV edaravone–treated controls (Figure 7)

•	 The risk for death was 27% lower among IV edaravone–treated cases 
compared with non-IV edaravone–treated controls (HR, 0.73; 95% CI, 
0.59-0.91; P = 0.005)

•	 To examine the effect of uncontrolled confounding using nonrandomized 
data, a sensitivity analysis using inverse probability weighting (IPW)6 
was performed. The IPW sensitivity analysis confirmed the statistically 
significant effect of IV edaravone on survival (HR, 0.65; 95% CI,  
0.53-0.79; P <0.0001)

Figure 7. Kaplan–Meier Curve of IV Edaravone–Treated Cases vs 
Non-IV Edaravone–Treated Controls
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LIMITATIONS
•	 This study was limited to patients with ALS who had commercial health 

coverage 

•	 This study relied on administrative claims data, which are subject to 
coding limitations and entry error

•	 The possibility of underdiagnosis of ALS may have led to a selection bias 
and/or smaller sample sizes, as patients with ALS who were untreated or 
who did not have a relevant diagnosis recorded on their medical claims, 
or were no longer enrolled in the Optum CDM database during the 
postindex period, were excluded from the analysis

•	 Although differences between cohorts were controlled for by propensity 
score matching, adjustment was limited to those characteristics that were 
captured in an administrative database

CONCLUSIONS
•	 This analysis demonstrated that patients with ALS prescribed IV 

edaravone demonstrated increased survival compared with those 
patients with ALS not prescribed IV edaravone in a real-world setting

•	 Combined with the phase 3 pivotal trial demonstrating that IV edaravone 
was shown to slow the rate of functional decline by 33% (P = 0.0013) 
compared with placebo as measured by the ALSFRS-R at 24 weeks,2 
these results suggest that IV edaravone may have both functional and 
real-world survival benefits in patients with ALS

•	 Real-world data are not intended to replace the prospective clinical trial, 
but in studies of rare diseases, which are more difficult to evaluate in a 
clinical trial setting, real-world data studies have the potential to expand 
our understanding of the clinical effects of edaravone treatment in larger 
numbers of patients with ALS treated after regulatory approval

•	 This information may be useful to payers and healthcare providers in 
optimizing the utilization of IV edaravone
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Figure 1. ALS Symptoms
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