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Introduction
Remdesivir (RDV), is a direct-acting nucleotide pro-drug inhibitor of viral RNAdependent RNA polymerases
– RDV has been approved by FDA and other regulatory authorities for
treatment of hospitalized patients with COVID-19
 Efficacy of RDV was demonstrated in a randomized double-blind, placebocontrolled trial (ACTT-1) which demonstrated improved recovery and other clinical
outcomes
 Real world data can complement results from well-controlled trials
– during a pandemic, where evolution of clinical management can outpace		
development of new trials
– when markedly larger sample sizes are needed to assess secondary 		
outcomes or outcomes in important patient subgroups
This study evaluates the effectiveness of RDV in a large real world dataset of

hospitalized COVID-19 patients


Objective


To evaluate the real-world effectiveness of remdesivir by comparing mortality and
hospital discharge in patients exposed to remdesivir versus matched referent
patients

Methods
Study design
 We conducted a comparative effectiveness analysis using a matched cohort
design in US-based hospital claims data for hospitalized patients with COVID-19
with or without evidence of treatment with remdesivir during their hospital stay
according to a pre-specified analytical plan
Data source
 The HealthVerity data ecosystem, which includes de-identified US-based hospital
chargemaster, medical and pharmacy claims, laboratory, and EHR data, including
Veradigm claims and EHR data, for patients with activity between December 1,
2018 and May 3, 2021
Study population
 The study included patients hospitalized with newly diagnosed COVID-19 between
May 1, 2020, the date of RDV emergency use authorization (EUA), and May 3,
2021.
Inclusion criteria
 Any hospitalized patient 18 years of age or older with both of the following:
 COVID-19 diagnosis on their hospitalization record
 Minimum of 12 months enrollment or claims prior to index date, with at least 1
medical encounter during this period
Exclusion criteria
 Patients with evidence of being treated in a clinical trial at any time
 Patients with evidence of a prior COVID-19 inpatient hospitalization
 Use of RDV prior to EUA
Matched Comparator
 RDV-exposed patients were matched 1:1 to referent patients using a 2-stage
process to ensure covariate balance:
 Risk-Set Sample (RSS) matching to ensure exact balance on key covariates,
including
– Calendar time
– Patient demographics (age, gender)
– COVID-19 disease severity (baseline oxygen requirement and ICU status)
– Number of days between admission and RDV exposure
– Corticosteroid use
 Propensity Score (PS) matching was then conducted to control for confounding
using nearest neighbor matching with a ±1% caliper
– Patient demographics
– Clinical characteristics
– Comorbidities
– Concomitant medications
 PS matching was repeated for each baseline oxygen support subgroup for
estimation of subgroup-specific effects
Index date (follow-up start)
 Exposed cohort: RDV initiation date
 Matched referent cohort: index date of the matched exposed patient
Follow-up end
 The RSS procedure ensures that a patient treated with RDV by a certain 		
point during hospital admission is matched to a similar patient who could 		
have been treated with RDV at the same point during hospital admission but 		
was not. Thus, the matched referent group includes not only patients who 		
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Methods (cont'd)
were never exposed to RDV, but also patients who were exposed to RDV 		
later in their hospitalization than their matched RDV exposed patient. Taking 		
this into account, end of follow-up was defined in two ways:
– Primary: As-treated (AT): Patients were censored on earliest of outcome,
death, discharge, maximum of 28 days, and RDV crossover date (referent
patients only)
– Sensitivity: Intention to treat (ITT): Patients were censored on earliest 		
of outcome, death, discharge, and maximum of 28 days

Results
Patient Characteristics
 Among 60,704 eligible patients in the balanced RSS cohort, 24,856 patients
receiving RDV were PS-matched to 24,856 referent patients (Figure 1)
 Demographic and clinical characteristics were well balanced between the exposed
and matched referent groups, with absolute standardized differences all <0.10
(Table 1, Table 2, Table 3)

Figure 1. Patient disposition

Statistical analysis
Outcomes
 Primary outcome: All-cause mortality
 Secondary outcome: Hospital discharge
Subgroup analysis
 We evaluated subgroups of patients by baseline oxygen requirement 		
status, which previous research has shown is an indicator of disease 		
severity:
– room air
– low-flow oxygen
– high-flow oxygen or non-invasive ventilation (NIV)
– invasive mechanical ventilation (IMV) or extracorporeal membrane 		
oxygenation (ECMO)
Analysis and software
 Hazard ratios (HR) and corresponding 95% confidence intervals (CIs) for 		
the effectiveness of RDV were reported using the PS-matched exposed 		
cohort compared to the matched referent cohort
 Similar to the approach of Garibaldi et al., a landmark analysis approach 		
was adopted for the secondary outcome (hospital discharge), with follow-		
up lagged to start at Day 5 to account for patients completing the full 5-day 		
treatment course of RDV
– As an exploratory analysis, the secondary outcome was also examined 		
without the 5-day landmark
 Results were presented overall and by each baseline oxygen support subgroup
 All analyses were conducted using the Aetion Evidence Platform, which has 		
been previously validated

Results for Primary Outcome
Mortality
 RDV was associated with a statistically significant reduction in mortality in patients
hospitalized with COVID-19 (Figure 2).
 Statistically significant mortality reductions were observed in each subgroup of
baseline oxygen requirement

Hospital discharge
 Exploratory: without accounting for the 5-day treatment course, RDV was
associated with reduced likelihood of hospital discharge (Figure 5).

Figure 5. Hospital discharge without 5-day landmark, by baseline
oxygen requirement subgroup in the as-treated analysis
(Exploratory)

Figure 2. Mortality by baseline oxygen requirement subgroup in
the as-treated primary analysis

Study Considerations
Strengths

RSS and subsequent PS-matching achieved well-balanced patient populations in both the
treatment a nd comparator groups, effectively mitigating potential confounding, selection bias,
and immortal time bias.
Large sample size (N=24,856 RDV) permitted well-powered evaluation of the studied
outcomes overall and in subgroups
The sensitivity analyses using an ITT approach assure that the results are robust to potential
misclassification of followup time among referent patients who cross over to RDV
With a wide range of COVID-19 patients and minimal inclusion/exclusion criteria, these results
represent the real world treatment effect in hospitalized US COVID-19 patients



Table 1. Baseline patient characteristics

Mortality
 The statistically significant mortality reduction was also observed in the ITT
sensitivity analysis, both overall and by subgroup of baseline oxygen requirement
(Figure 3).

Figure 3. Mortality by baseline oxygen requirement subgroup in
the intention-to-treat sensitivity analysis

Key Definitions
Table 2. Selected baseline comorbidities
Results for Secondary Outcome
Hospital discharge
 Median (Q1, Q3) observed RDV treatment duration was 5 (4,5) days.
 5-day landmark analysis showed that treatment with RDV was associated with a
statistically significant increased likelihood of hospital discharge, both overall and in
patients requiring no oxygen or low-flow oxygen at baseline (Figure 4).
 No discharge benefit was observed in patients on IMV/ECMO at baseline





Limitations
 Due in part to the rapid evolution of patient management during the pandemic and increasing
RDV use over time, matched controls could not be identified for some exposed patients.
However, the RSS cohort included 76% of all RDV exposed patients, and PS matching
captured 82% of those, indicating that the analyzed exposed population represented the
majority of RDV exposed patients
 Oxygen supplementation may not be fully captured in chargemaster data, resulting in
potential misclassification. Furthermore, determination of 'room air' relied on the absence of
recorded procedures for oxygen support.
 Due to the real world nature of the dataset, detailed data such as laboratory measurements
and granular changes in oxygen support are difficult to capture broadly
 Despite the analytical methods used, there may be residual or unmeasured confounding

Conclusions




Figure 4. Hospital discharge with 5-day landmark, by baseline
oxygen requirement subgroup in the as-treated primary analysis



Covariates Used for RSS- and PS-matching


Table 3. Selected baseline concomitant medications

In this large real world data analysis with 24,856 RDV-exposed patients, RDV
was associated with statistically significantly reduced all-cause mortality by
day 28 in patients hospitalized with COVID-19
– This benefit was observed in all baseline oxygen requirement subgroups
(room air, low-flow oxygen, high-flow/NIV, and IMV/ECMO)
RDV was associated with statistically significantly increased likelihood of
hospital discharge by day 28 after RDV treatment completion
These results emphasize the importance of
– large sample sizes to observe treatment effects consistently
– employment of robust methods to ensure balance between exposed and
referent patients in comparative effectiveness studies using real world
data
Overall, these findings are consistent with the results from randomized wellcontrolled trials and support the clinical benefits of treatment with RDV in
patients hospitalized with COVID-19
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Please also see the following posters at WMF for additional real world data analyses of RDV:
y 7863 (Remdesivir Treatment is Associated with Improved Survival in Hospitalized Patients with COVID-19)
y 8439 (Remdesivir vs Standard of Care for Severe COVID-19
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