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Summary
Background We aimed to evaluate overall survival in US patients with amyotrophic lateral sclerosis (ALS) treated
with intravenous (IV) edaravone compared with those not treated with IV edaravone in a real-world setting.

Methods This exploratory retrospective comparative effectiveness observational analysis included patients with ALS
who were enrolled in an administrative claims database from 8 August 2017 to 31 March 2020. Propensity score
matching identified IV edaravone-treated patients (cases) and non-edaravone-treated patients (controls) matched for
covariates: age, race, geographic region, sex, pre-index disease duration, insurance, history of cardiovascular disease,
riluzole prescription, gastrostomy tube placement, artificial nutrition, noninvasive ventilation, and all-cause hospital-
isation. For cases, the index date was the date of the first claim for IV edaravone. For controls, it was the date IV edar-
avone was available (8 August 2017). The effect of IV edaravone on all-cause mortality was estimated with shared
frailty Cox regression analysis.

Findings 318 cases were matched to 318 controls. In both groups, 208 patients (65.4%) had a history of riluzole pre-
scription. As of 31 March 2021, there were 155 deaths (48.7%) among the cases and 196 among the controls (61.6%).
Median overall survival time was 29.5 months with edaravone and 23.5 months without, respectively, and the risk of
death was 27% lower in cases than in controls (HR, 0.73; 95% CI, 0.59−0.91; p=0.005).

Interpretation In this real-world analysis, IV edaravone treatment in a large predominantly riluzole-treated US
cohort was associated with prolonged overall survival compared with not using IV edaravone. Data from adequately
powered RCTs are needed to support this finding.
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Introduction
Amyotrophic lateral sclerosis (ALS) is a fatal neurode-
generative disease characterised by motor neuron cell
death and progressive muscular weakness that leads to
paralysis.1,2 The estimated prevalence rate for 2016 was
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5.2 per 100,000 population. ALS prevalence is lowest
(0.2 per 100,000 population) in the 18-to-39 age group
and highest (17.2 per 100,000 population) in the 70-to-
79 age group. Men have a higher overall prevalence rate
(7.3 per 100,000 population) than women (3.6 per
100,000 population).1 The prevalence rate in White
people is 1.5 times that in Black people, although the
disease course is comparable in both groups, with a
median survival of 23.3 months from diagnosis in White
people and 25.3 months from diagnosis in Black peo-
ple.1−3 The clinical trajectories and survival experiences
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Research in context

Evidence before this study

We performed a search in PubMed in English for studies
published from Jan 1, 2017 to Jan 1, 2022 assessing
treatment outcomes with edaravone for people with
amyotrophic lateral sclerosis (ALS) using the search
terms “edaravone” AND “amyotrophic lateral sclerosis”
and identified that IV edaravone gained US Food and
Drug Administration approval in May 2017 based on
results demonstrating slowed loss of function and
improved quality of life. However, ALS is a clinically chal-
lenging disease to investigate in randomised controlled
trial (RCT) settings, especially for evaluation of survival
outcomes, due to disease heterogeneity, longer times
to diagnosis, and an average life expectancy after symp-
tom development of 2−5 years. Studies using real-
world data (RWD) may inform insights beyond those
addressed by RCTs and help support regulatory
decisions.

Added value of this study

In studies of rare diseases, which are more difficult to
evaluate in a clinical trial setting, RWD studies have the
potential to provide relevant information to help bridge
current knowledge gaps. To better understand long-
term survival outcomes in patients with ALS prescribed
IV edaravone, we conducted an exploratory propensity
score-matched comparative effectiveness cohort study,
utilising RWD from a large administrative claims data-
base in which patients with ALS treated with IV edara-
vone (cases) and non-edaravone-treated patients with
ALS (controls) were matched for several covariates. In
this study, treatment with IV edaravone was associated
with 6-month longer median survival compared with
the non-IV edaravone-treated patients (median survival,
cases, 29.5 months [95% CI, 25.4−35.9]; controls, 23.5
months [95% CI, 20.0−28.0]).

Implications of all the available evidence

In our analysis, use of IV edaravone treatment compared
with not using IV edaravone was associated with
improved overall survival in a cohort of commercially
insured patients with ALS in the United States. This is
the first time that a statistically significant improved sur-
vival time was associated with IV edaravone. An ade-
quately powered RCT is needed to support this finding.
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are similar in population- and clinic-based observational
studies.2−4

At the time of the analysis reported here, two dis-
ease-modifying treatments, riluzole and intravenous
(IV) edaravone, were approved for ALS treatment in the
US. Riluzole (Rilutek, Sanofi-Aventis US LLC) received
US Food and Drug Administration (FDA) approval in
December 1995 and IV edaravone (Radicava, Mitsubishi
Tanabe Pharma Corporation) was approved in May
2017 based on results from the pivotal phase 3 clinical
trial demonstrating that IV edaravone slowed loss of
function, as measured by the ALS Functional Rating
Scale-Revised (ALSFRS-R), by 33% (p=0.0013) com-
pared with placebo at 24 weeks.5 These results provided
evidence for slower disease progression as measured by
the ALSFRS-R, and improved quality of life as measured
by the ALS 40-item assessment questionnaire. Long-
term survival was not assessed in this clinical trial
because of limited study duration.5 In May 2022, edara-
vone oral suspension was approved by the FDA, sup-
ported by a similar bioavailability profile, when
compared with IV edaravone.

In ALS, disease heterogeneity makes it a clinically
challenging disease to research and evaluate in clinical
trials. Research studies analysing real-world data
(RWD) may be able to provide additional information to
the application of evidence from randomised controlled
trials (RCTs) and inform insights beyond those
addressed by RCTs.6,7

Recently, a framework for evaluating the use of real-
world evidence (RWE) to support evidence generation
and the regulatory approval process was created (US
Food and Drug Administration. Framework for FDA’s
real-world evidence program. December 2018).
Whereas RWE was previously used only to inform post-
marketing drug safety decisions, RWD studies are now
being considered to generate RWE of both safety and
effectiveness, and to support regulatory decisions about
drug products.8 For example, the indication expansion
of palbociclib from women with advanced or metastatic
breast cancer and specific tumour types to include men
with metastatic breast cancer was supported primarily
by RWE derived from electronic health records compar-
ing the outcomes of men receiving palbociclib with
men receiving endocrine therapy without palbociclib.9

The objective of our current study was to use RWD
collected in a large US administrative claims database to
assess overall survival in a cohort of patients with ALS
treated with IV edaravone compared with a matched
group of patients with ALS not treated with IV edara-
vone.
Methods

Data source
This is a retrospective, observational, propensity score-
matched comparative effectiveness cohort study using
health claims data from Optum’s Clinformatics Data
Mart (CDM) (Optum, Inc. Eden Prairie, MN, US). The
CDM is derived from a US-based database of adminis-
trative health claims spanning all 50 states for members
with commercial and Medicare Advantage health plans.
The CDM is statistically de-identified under the expert
determination method consistent with the Health
Insurance Portability and Accountability Act and
www.thelancet.com Vol 52 Month , 2022
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managed according to Optum customer data use agree-
ments, and, hence, does not constitute human patient
research as defined in 45 CFR 46.102 and does not
require an institutional review board assessment or
approval for secondary analysis. Optum CDM data
include patient-level enrolment information derived
from claims submitted for all medical and pharmacy
health care services, with information related to health
care costs and resource utilisation. The database
includes approximately 17 million−19 million annual
covered lives for a total of >65 million unique lives over
a 13-year period (January 2007 through December
2020).
Study population
Our reported comparative effectiveness observational
analysis includes patients with ALS enrolled in the
CDM aged ≥18 years who had a diagnosis of ALS
(International Classification of Diseases, 10th Revi-
sion, Clinical Modification [ICD-10-CM] code G12.21
or ICD-9-CM code 335.20) on any claim and in any
inpatient or outpatient setting. Cases included
patients with ALS treated with IV edaravone from 8
August 2017−31 March 2020 as indicated by a claim
for IV edaravone using Healthcare Common Proce-
dure Coding System (HCPCS) codes J1301, J3490, or
C9493, or the National Drug Code 70510-2171-xx.
The index date (ie, the start date for survival analy-
sis) was the date of the first claim for IV edaravone.
Patients may or may not have continued IV edara-
vone treatment until death or censoring. For patients
not treated with IV edaravone (ie, with no history of
IV edaravone prescription), the index date was the
date of IV edaravone availability in the US market (8
August 2017) (details displayed in Figure 1). Patients
may or may not have received treatment with rilu-
zole. Patients without an ALS diagnosis (ICD-10-CM
code G12.21 or ICD-9-CM code 335.20) were
excluded.
Figure 1. Optum CDM retrospective study timeline.
ALS diagnosis indicated by ICD-10-CM code G12¢21; ICD-9-CM:

tient). Additionally captured: claims for gastrostomy tube plac
hospitalisation.

Pre-index disease duration period: IV edaravone-treated cases—
Non-IV edaravone-treated controls—date from ALS diagnosis to dat

Index date: IV edaravone-treated cases: Date of the first claim for
Non-IV edaravone-treated controls: Date that IV edaravone was c
ALS, amyotrophic lateral sclerosis. CDM, Clinformatics Data Mar

sion, Clinical Modification. IV, intravenous.
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Patient demographic and clinical characteristics
collected in the pre-index disease duration period
The pre-index disease duration period is defined as the
period between the date of first claim for ALS diagnosis
and the first claim for IV edaravone or the date that IV
edaravone was available on the market (8 August 2017)
for ALS patients with no IV edaravone treatment.

Demographic characteristics included age, sex, race,
region of residence, and insurance coverage (commer-
cial or Medicare Advantage). Clinical characteristics
including pre-index disease duration, ALS-related symp-
toms and procedures (gastrostomy tube placement, arti-
ficial nutrition, noninvasive ventilation), history of
cardiovascular disease, riluzole prescription, and all-
cause hospitalisation were identified by claims using
ICD-9-CM and ICD-10-CM, Current Procedural Termi-
nology, or HCPCS codes that describe specific items
and services.
Propensity score matching (PSM) for selection of IV
edaravone−treated ALS patients (cases) and non-IV
edaravone-treated ALS patients (controls)
IV edaravone-treated cases were matched 1:1 to non-IV
edaravone-treated controls using the PSM method.
PSM using the nearest-neighbour method with a caliper
width equal to 0.1 of the SD of the logit scores was per-
formed,10 accounting for several covariates including
age, race, region, sex, insurance, history of cardiovascu-
lar disease,11 and history of riluzole prescription. Addi-
tionally, to ensure that cases and controls were at
similar disease duration, pre-index disease duration was
calculated. Since ALSFRS-R and forced vital capacity
(FVC) scores, which clinically measure ALS disease
severity and progression, are not captured in the CDM,
surrogates were used to assess ALS disease severity and
included claims for gastrostomy tube placement, artifi-
cial nutrition, noninvasive ventilation, and all-cause hos-
pitalisation.12−15 The balance in baseline characteristics
achieved by PSM was evaluated by calculating
335¢20 on at least one claim in any setting (outpatient or inpa-
ement, artificial nutrition, noninvasive ventilation, all-cause

date from ALS diagnosis to date of first claim for IV edaravone.
e that IV edaravone was commercially available (8 August 2017).
IV edaravone.
ommercially available (8 August 2017).
t. ICD-10-CM, International Classification of Diseases Tenth Revi-
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standardised mean differences (SMDs) between treated
and matched control patients in the matched and overall
populations. SMDs of less than 10% were considered
negligible imbalances.10
Confirmation of ALS in IV edaravone and non−IV
edaravone-treated patients
Administrative claims for ALS-related symptoms and
procedures identifying respiratory-, nerve-, limb-, and
bulbar-related symptoms were tabulated in both IV
edaravone and non-IV edaravone-treated ALS patients
and compared with the proportion of these symptoms
in the two groups. The proportion of ALS-related symp-
tom claims in these patients were contrasted with non-
ALS patients according to an established algorithm to
confirm that the patients conform to the claims profile
of ALS-patients compared with non-ALS patients.16
Outcome: all-cause mortality
The Optum De-identified CDM Database-Date of Death
(DOD) table was used to confirm mortality status of IV
edaravone-treated cases and non-IV edaravone-treated
controls as of 31 March 2021. The DOD table is sourced
from the Death Master File maintained by the US Social
Security Administration, which provides the month and
year of death, enabling the identification of patients’
mortality status. Other sources of death information
include the Centers for Medicare & Medicaid Services
based on claims indicating member discontinuation or
facility discharge due to death.
Statistical analysis
Demographics and clinical variables were assessed
descriptively using counts and percentages for categori-
cal variables and measures of central tendency (mean/
median/SD/interquartile range) for continuous varia-
bles. Differences in survival between IV edaravone-
treated cases and non-IV edaravone-treated controls
were examined using Kaplan-Meier survival curves. The
log-rank test was applied to detect significant differen-
ces in survival parameters between the Kaplan-Meier
curves. Shared frailty Cox regression analysis was per-
formed to estimate the benefit of IV edaravone by
accounting for unobserved heterogeneity between the
matched groups. Conditional and marginal estimates of
parameters were obtained based on the frailty method.17

Two sensitivity analyses were constructed. The first
was a principled sensitivity analysis based on the impu-
tation of missing failure times using a bootstrap
approach18 to examine the assumption of noninforma-
tive censoring. The second sensitivity analysis was built
on inverse probability weighting (IPW).19 The IPW-
based method generates upper and lower bounds for
the causal effect under fixed values of two sensitivity
parameters that characterise the error in the estimated
propensity score due to uncontrolled confounding and
its correlation with the potential outcome.

The analysis was conducted using R (version 4.0.3, R
Core Team, 2020). Propensity score estimating and
matching were done using the MatchIt (version: 4.1.0,
2011) package. The “survival” (version 3.2-7, 2021) pack-
age was used to perform survival analysis, and the
“survminer” (version 0.4.8, 2017) package was used to
create the Kaplan-Meier curves.
Role of the funding source
This study was performed by a collaborative work group
composed of an academic organisation, a pharmaceuti-
cal company, and a statistical company, and funded by
Mitsubishi Tanabe Pharma America (MTPA) who devel-
oped the protocol and statistical plan prior to the formal
calculations presented in this paper. MTPA contributed
to the design and conduct of the study; collection, man-
agement, analysis, and interpretation of the data; prepa-
ration, review, and approval of the manuscript; and
decision to submit the manuscript for publication. All
authors had access to the data and were responsible for
the decision to submit for publication.
Results

Study population for survival analysis: matching,
balancing of other ALS-specific claims in cases and
controls, pre-index disease treatment, edaravone
treatment
Propensity score matching. Patient demographic and
ALS-related clinical characteristics before matching are
shown in the supplementary table. After matching,
characteristics were balanced in the IV edaravone-
treated cases and non-IV edaravone-treated controls as
indicated by SMD of <0.1 in Table 1 and the supplemen-
tary figure.

IV edaravone-treated ALS patients and non-IV edara-
vone-treated ALS patients were matched for riluzole pre-
scription [65.4%; 65.4%], cardiovascular disease [9.1%,
9.1%], gastrostomy tube placement [7.5%, 7.5%], artifi-
cial nutrition [13.5%, 11.9%], noninvasive ventilation
[15.1%, 17.0%], and all-cause hospitalisation [23.0%,
23.0%].
Confirmation that ALS patients had claims characteris-
tics distinguished from non-ALS patients. Although
not considered as confounding factors, we identified
claims for ALS-related symptoms and procedures in the
two groups. The proportion of claims for respiratory-,
nerve-, limb-, and bulbar-related symptoms identifying
patients with ALS are shown in Figure 2. The most
common symptoms for both IV edaravone-treated and
www.thelancet.com Vol 52 Month , 2022



IV edaravone-
treated cases

Non-IV edaravone-
treated controls

Difference Difference 95% CI

N 318 318

Age, mean (SD) 62.9 (10.1) 62.7 (10.2) −0.1981 −1.7815, 1.3853

Sex, no. (%)

Female 134 (42.1) 134 (42.1) 0 −0.0543, 0.0543

Male 184 (57.9) 184 (57.9)

Medicare Advantage, no. (%) 189 (59.4) 189 (59.4) 0 −0.0540, 0.0540

Race, no. (%)

White 226 (71.1) 236 (74.2) −0.0314 −0.0804, 0.0175

Black 28 (8.8) 18 (5.7) 0.0314 −0.0030, 0.0599

Other 35 (11.0) 33 (10.4) 0.0063 −0.0277, 0.0403

Unknown 29 (9.1) 31 (9.7) −0.0063 −0.0384, 0.0258

Region, no. (%)

Midwest 64 (20.1) 86 (27.0) −0.0692 −0.1157, 0.0227

Northeast 51 (16.0) 59 (18.6) −0.0252 −0.0667, 0.0164

South 131 (41.2) 101 (31.8) 0.0943 −0.0417, 0.1470

West 72 (22.6) 71 (22.3) 0.0031 −0.0427, 0.0490

Unknown 0 (0.0) 1 (0.3) −0.0031 −0.0075, 0.0012

Pre-index disease duration (days), mean (SD) 211.8 (187.6) 203.7 (285.5) −8.0440 −45.6752, 29.5871

Riluzole prescription, no. (%) 208 (65.4) 208 (65.4) 0 −0.0523, 0.0523

Pre-index cardiovascular disease, no. (%) 29 (9.1) 29 (9.1) 0 −0.0316, 0.0316

Pre-index gastrostomy tube, no. (%) 24 (7.5) 24 (7.5) 0 −0.0290, 0.0290

Pre-index artificial nutrition, no. (%) 43 (13.5) 38 (11.9) 0.0157 −0.0209, 0.0524

Pre-index noninvasive ventilation, no. (%) 48 (15.1) 54 (17.0) −0.0189 −0.0592, 0.0215

Pre-index hospitalisation, no. (%) 73 (23.0) 73 (23.0) 0 −0.0462, 0.0462

Table 1: Demographic and clinical characteristics in IV edaravone-treated and non-IV edaravone-treated patients with ALS after
matching.
ALS, amyotrophic lateral sclerosis. IV, intravenous.
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non-IV edaravone-treated patients with ALS were limb
related. The proportion of claims for bulbar-, limb-,
nerve-, and respiratory-related symptoms were similar
between the groups; however, the IV edaravone-treated
patients with ALS are characterised by more common
insertion of an IV catheter.
Pre-index disease duration. The pre-index disease
duration period was 211.8 days (SD, 187.6) for IV edara-
vone-treated cases vs 203.7 (SD, 285.5) for non-IV edara-
vone-treated controls, which amounts to approximately
7 months for each group.
Edaravone treatment. Between 8 August 2017 and 31
March 2020, 12,892 patients with ALS had initiated IV
edaravone, riluzole, or no treatment, and of those
patients with ALS, 320 were treated with IV edaravone
vs 12,572 who were not (Figure 3). After applying the
PSM method, 318 IV edaravone-treated cases were
matched to 318 non-IV edaravone-treated controls and
were included in the analysis. Median IV edaravone
treatment duration was 8.6 months (interquartile
range, 3.5−14.8). Of 197 patients who stopped IV
www.thelancet.com Vol 52 Month , 2022
edaravone treatment early, 112 remained in the data-
base, and of those 112 patients, 26 were still alive until
the last claim. In total, 64 out of 121 patients who con-
tinued IV edaravone throughout the study period left
the database (ie, had no claim for 30 days after the last
claim up to 31 March 2021) while still on edaravone
treatment, and 60 patients in the control group left the
database during the study period.
Survival in IV edaravone-treated patients compared
with non-IV edaravone-treated patients
Analysis of the CDM DOD table confirmed 155 all-cause
deaths (48.7%) recorded among the IV edaravone-
treated cases compared with 196 all-cause deaths
(61.6%) among the non-IV edaravone-treated controls
on 31 March 2021.

Median survival was 29.5 months (95% CI, 25.4
−35.9) for the IV edaravone-treated cases compared
with 23.5 months (95% CI, 20.0−28.0) for the non-IV
edaravone-treated controls (Figure 4). Treatment with
IV edaravone was associated with a 6-month longer
median survival compared with the non-IV edaravone-
treated patients with ALS. Table 2 shows the estimated
probability of survival at 12, 18, 24, and 30 months. The
5



Figure 2. ALS-related symptoms and procedures at baseline (pre-index period*) in commercially insured patients with ALS
treated with IV edaravone and non-IV edaravone-treated patients with ALS.

*Defined as the period between the date for 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 (8 August 2017) for patients with no IV edaravone treatment.

ALS, amyotrophic lateral sclerosis. IV, intravenous.
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Figure 3. Patient disposition.
*Matching on age, race, region, sex, pre-index disease duration, insurance, pre-index claims for cardiovascular disease and rilu-

zole prescription, gastrostomy tube placement, artificial nutrition, noninvasive ventilation, and all-cause hospitalisation.
ALS, amyotrophic lateral sclerosis. CDM, Clinformatics Data Mart. IV, intravenous.
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risk of death was 27% lower for IV edaravone-treated
cases than for non-treated controls (HR, 0.73; 95% CI,
0.59−0.91; p=0.005). The first sensitivity analysis,
based on the imputation of missing failure times using
a bootstrap approach, confirmed the assumption of non-
informative censoring. The second sensitivity analysis,
using IPW to examine the effect of uncontrolled con-
founding using nonrandomised data, confirmed the sta-
tistically significant effect of IV edaravone treatment on
survival (HR, 0.65; 95% CI, 0.53−0.79; p<0.0001) and
was consistent with the PSM estimate in terms of direc-
tion (HR <1.0 [protective]).
Discussion
In our analysis, IV edaravone treatment compared with
not using IV edaravone in a predominantly riluzole-
treated cohort was associated with improved overall sur-
vival in a cohort of commercially insured patients with
ALS. These findings, in a larger, more diverse group of
treated patients with ALS compared with those who
were included in the original RCTs, are promising for
the hypothesis that beneficial treatment effects on rate
of functional change in short-term clinical trials may be
translated into increased survival, which should be
tested in an adequately powered RCT.
www.thelancet.com Vol 52 Month , 2022
Riluzole was shown to increase survival among
patients with ALS in clinical trials and in a real-world
setting.20,21 Based on a systematic review of all evidence
from clinical trial data, treatment with riluzole resulted
in significantly greater survival rates than placebo in
two of four studies (HR, 0.80; 95% CI, 0.64−0.99;
p=0.042), with a survival advantage with riluzole
100 mg seen at 12 months, but not at 18 months.21 In
the RCT, riluzole increased median survival by about 3
months compared with placebo,21 whereas RWE has
indicated that treatment with riluzole extended survival
by 6−19 months.20

Prior studies investigating the post-marketing, real-
world experience of edaravone have employed differing
methods and shown mixed results.22-24 The previous
VA study evaluating the real-world use and safety of IV
edaravone for the treatment of ALS within the US VA
health care system reported lower death rates per 100
patient-years with IV edaravone treatment (18.0 for IV
edaravone vs 29.3 for riluzole only [HR, 0.77; 95% CI,
0.43−1.18]), which compared HRs of the edaravone
group to riluzole-only subgroups and utilised Bonfer-
roni-corrected CIs.22 This difference did not reach statis-
tical significance,22 unlike results from our study, which
showed a statistically significant effect of IV edaravone
on survival (HR, 0.73; 95% CI, 0.59−0.91; p=0.005). A
7



Figure 4. Overall survival analysis.
IV, intravenous.
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pragmatic single-arm observational study evaluating
patients receiving edaravone treatment in Italian ALS
centres compared with matched historical controls from
the Pooled Resource Open-Access ALS Clinical Trials
(PROACT) database did not show a difference in time
to event clinical outcomes assessed as time to dropping
to 24 on the ALSFRS-R or time to reaching 60% FVC.23

In the Italian study, a multivariable Cox proportional
hazards regression model was used to analyse the time
to event effect, adjusted for by age, site of onset,
IV edaravone-
treated cases

Non-IV edaravone-
treated controls

12 months 0.837 (0.797−0.880) 0.704 (0.654−0.759)

18 months 0.685 (0.632−0ּ.743) 0.587 (0.532−0.648)

24 months 0.591 (0.533−0.655) 0.490 (0.434−0.554)

30 months 0.499 (0.438−0.569) 0.426 (0.370−0.491)

Table 2: Estimated survival probability at a specific time
(months) by propensity score method.

a

aThe estimated probability of survival at the different time points is not

used to determine significance in overall survival; therefore, any signifi-

cant differences in survival probability are derived from differences in

overall survival. (HR, 0.73; 95% CI, 0.59−0.91; p=0.005).
IV, intravenous.
diagnostic delay, and disease progression rate. However,
the Italian study did not include concurrent controls
treated in the same manner, while our study employed
PSM to match for age, race, region, sex, insurance, his-
tory of cardiovascular disease, history of riluzole pre-
scription, and five surrogate markers for disease
severity. An additional pragmatic single-arm observa-
tional study from the German Motor Neuron Disease
Network (MND-NET) did not find a survival benefit
with a median 11.4 months of follow-up (interquartile
range 6.6−18.9 months).24 Different from our study,
the MND-NET study did not include contemporaneous
controls and the PSM only accounted for 4 covariates:
site of disease onset, age at onset, disease duration, and
baseline ALSFRS-R score.

Patients in the MND-NET study who died while on
edaravone had significantly worse baseline prognostic
factors (faster disease progression, older age at disease
onset, lower ALSFRS-R score) compared with those
who survived while on edaravone.24 In the VA study,
despite a propensity score-matched cohort evaluation,
residual confounding or baseline differences likely
existed between the two cohorts; this may have been
because cases and controls were not at similar stages of
disease progression for which we corrected with our
www.thelancet.com Vol 52 Month , 2022
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case definition and by calculating a pre-index disease
duration to match IV edaravone-treated cases and non-
IV edaravone-treated controls.22 Additionally, the con-
trol group in the VA study included patients treated
with riluzole only who continued to receive treatment
longer because of differential censoring. In the study
reported here, patients with ALS with no treatment also
were included, and this may have contributed to the dif-
ference in reaching statistical significance between
cases and controls. Further, while both studies included
patients who discontinued edaravone, our study follows
patients who continued on edaravone for a longer
period of time; in the VA study, 151/369 (40.9%) VA IV
edaravone-treated ALS patients received treatment over
23 months,22 while in our study 121/318 (38.1%) patients
were treated with IV edaravone over 31 months.

The strengths of this retrospective analysis are the
large sample of US patients with ALS who were treated
with IV edaravone since FDA approval and its use of an
administrative claims database, as well as the length of
follow-up observation time. Due to the heterogeneity of
ALS, patients can progress at different rates, and this
may present a challenge to matching cases and controls;
we used claims for gastrostomy tube placement, artifi-
cial nutrition, noninvasive ventilation, and all-cause hos-
pitalisation to assess disease severity, and compared pre-
index disease duration to ensure balance. The pre-index
disease duration period indicates that matching of cases
and controls occurred during the first two years after
diagnosis when the mortality risk has been shown to be
the highest.25 Initiating riluzole treatment early in this
period has been demonstrated to increase its effect on
survival26,27 and function as measured by Kings ALS
Stage transition.28,29 Additional strengths include the
consistency between our matched variables and those
previously denoted as separating ALS cases from non-
ALS cases in a Medicare claims database,16 as well as
the variables included in a clinical prediction model for
survival in patients with ALS.27

Although the Optum CDM database included a large
cohort of ALS patients to draw from in a similar time
frame (2017 and beyond) compared with other claims
databases, 12,892 compared with 4086 in the VA Data
Warehouse and 1047 in the Answer ALS clinical registry,
several limitations of our analysis related to selection bias
should be noted.29,30 The current study included only
patients with ALS who have commercial health coverage
or Medicare Advantage plans. Consequently, results of
this analysis may not be generalisable to patients with
ALS with other insurance plans or without health insur-
ance 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, who did not have a
relevant diagnosis recorded on their medical claims, or
who were no longer enrolled in the Optum CDM database
www.thelancet.com Vol 52 Month , 2022
during the post-index period were excluded from the anal-
ysis. While differences between cases and controls were
controlled for by PSM, adjustment was limited to those
characteristics that can be measured from administrative
claims. Therefore, the study population may appear to
have been healthier than the total population of patients
with ALS.

In this exploratory RWD propensity score-matched
analysis, patients with ALS prescribed IV edaravone and
who continued edaravone over 31 months after the index
date survived longer than those not prescribed IV edara-
vone in a real-world setting. Combined with the phase 3
pivotal trial demonstrating that IV edaravone slowed the
rate of functional decline by 33% (p=0.0013) compared
with placebo as measured by the ALSFRS-R at 24
weeks,5 these results provide further support that IV
edaravone may have both functional and real-world sur-
vival benefit in patients with ALS. Although RWD are
not intended to replace the prospective clinical trial, in
studies of rare diseases, which are more difficult to eval-
uate in a clinical trial setting, RWD studies have the
potential to provide pertinent relevant information to
payers, health care providers, patients, and caregivers in
a cost- and time-effective manner with minimal burden
to the patient, until a RCT can be conducted.
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