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Abstract
Background  The coronavirus disease 2019 (COVID-19) pandemic has been a global health emergency since December 2019, 
leading to millions of deaths worldwide and placing significant pressures, including economic burden, on individual patients 
and healthcare systems. As of February 2022, remdesivir is the only US Food and Drug Administration (FDA)-approved 
treatment for severe COVID-19. This systematic literature review (SLR) aimed to summarise economic evaluations, and 
cost and resource use (CRU) evidence related to remdesivir during the COVID-19 pandemic.
Methods  Searches of MEDLINE, Embase the International Health Technology Assessment (HTA) database, reference 
lists, congresses and grey literature were performed in May 2021. Articles were reviewed for relevance against pre-specified 
criteria by two independent reviewers and study quality was assessed using published checklists.
Results  Eight studies reported resource use and five reported costs related to remdesivir. Over time, the prescription rate of 
remdesivir increased and time from disease onset to remdesivir initiation decreased. Remdesivir was associated with a 6% 
to 21.3% decrease in bed occupancy. Cost estimates for remdesivir ranged widely, from $10 to $780 for a 10-day course. 
In three out of four included economic evaluations, remdesivir treatment scenarios were cost-effective, ranging from ~ 8 
to ~ 23% of the willingness-to-pay threshold for the respective country.
Conclusions  Economic evidence relating to remdesivir should be interpreted with consideration of the broader clinical con-
text, including patients’ characteristics and the timing of its administration. Nonetheless, remdesivir remains an important 
option for physicians in aiming to provide optimal care and relieve pressure on healthcare systems through shifting phases 
of the pandemic.
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Introduction

Since the beginning of the COVID-19 pandemic in Decem-
ber 2019, more than 418 million cases have been reported 
worldwide across 223 countries and territories, with more 
than 5.8 million deaths [1–3]. COVID-19 is caused by the 
novel severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) and is highly transmissible [4].

The clinical course and symptoms of COVID-19 can 
range from asymptomatic to resembling a common cold to 
severe life-threatening conditions that require hospitalisa-
tion [5]. Patients with progressively worsening disease may 
require extended intensive care unit (ICU) stays, invasive 
mechanical ventilation (IMV) and extracorporeal membrane 
oxygenation (ECMO). Based on various cohort studies, 
approximately 19% of patients hospitalised with COVID-19 
are admitted to the ICU, and 16% receive IMV [6, 7]. Hos-
pitalisation, in particular ICU stay and IMV, are associated 
with high clinical burden for patients; for example including 
increased risk for coma, infection, ventilator-related inju-
ries, and pneumonia [8, 9]. In addition, there is a substantial 
burden on health systems. Surges in hospitalisations have 
overwhelmed hospital capacities, severely undermining their 
ability to deliver care to patients with COVID-19, alongside 
those with other conditions [10, 11]. While vaccines may 
lessen the healthcare burden, in many parts of the world, 
there are still significant barriers to vaccine uptake [12–14]. 
Therefore, there remains a need for effective treatments that 
can improve patient outcomes and relieve the pressure on 
healthcare systems.

Recently, emergency use authorisation from the US FDA 
has been granted for two novel antivirals, molnupiravir and 
paxlovid, as well as the existing antiviral remdesivir, for the 
treatment of non-hospitalised patients with mild-to-moderate 
illness [15–17]. However, as of February 2022, remdesivir 
is the only FDA-approved treatment for severe COVID-19, 
indicated for COVID-19 requiring hospitalisation in patients 

aged 12 and above. It also has conditional marketing authori-
sation from the European Medicines Agency [18].

Several large clinical trials have reported results demon-
strating remdesivir’s potential to reduce burden on patients 
and health systems; for example, shorter time to recovery, 
higher odds of clinical improvement and reduced need for 
mechanical ventilation in patients receiving remdesivir com-
pared with placebo [19–21].

This SLR aimed to identify and critically appraise the 
economic evidence on remdesivir to provide an overview 
that could inform future HTAs and assessment of the impact 
of further adoption of remdesivir in clinical practice.

Methods

An SLR was conducted in July 2020 and updated in May 
2021 in accordance with a pre-specified protocol and the 
methodological principles of conduct for SLRs as detailed 
in the University of York Centre for Reviews and Dissemina-
tion’s guidance [22].

Identification of evidence

A comprehensive approach was taken to evidence identi-
fication. Electronic database searches were conducted in 
MEDLINE, Embase and the International HTA database. 
Manual hand searches of key conference proceedings from 
the last 2 years; HTA body websites and health economics 
databases; press releases from relevant manufacturer and 
trial websites and bibliographies of any relevant SLRs, (net-
work) meta-analyses or HTAs identified during the review 
were performed. In addition, given potential poor indexing 
of publications relating to COVID-19 in electronic data-
bases [23], supplementary targeted searches of Google and 
pre-print sources (MedRxiv and Social Science Research 
Network) were performed. Complete search strategies are 
presented in the Supplementary Appendix.

Selection of studies and data extraction

Pre-defined eligibility criteria for article inclusion were 
developed using the Population, Intervention, Compari-
son and Outcomes framework (Supplementary Appendix). 
Studies were required to be original peer-reviewed research, 
HTAs or recent congress abstracts that included unselected 
patients aged 12 or older with COVID-19 and investigated 
remdesivir, either alone or in combination with other thera-
pies. Relevant outcomes included cost-effectiveness results, 
such as incremental cost-effectiveness ratios or quality-
adjusted life-years (QALYs); healthcare system costs; soci-
etal costs and resource use.
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Studies were reviewed against the eligibility criteria by 
two independent reviewers in two stages. First, titles and 
abstracts were screened for the removal of clearly irrele-
vant articles, followed by the full texts. Review of articles 
from the supplementary searches was conducted by a single 
reviewer with input provided by a second individual in cases 
of uncertainty. All included records were confirmed by a 
second reviewer.

Key information from included studies was extracted into 
pre-specified data extraction tables by a single individual, 
and independently verified by a second individual.

Quality assessment

The quality of all included economic evaluations was 
assessed using the Drummond checklist [24]. The quality 
of all included CRU studies was assessed using the Alberta 
Heritage Foundation for Medical Research (AHFMR) 
checklist for quantitative studies [25]. Quality assessments 
were completed by one individual and verified by a second 
individual.

Results

The number of included and excluded studies is presented 
in a Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) flow diagram (Fig. 1) [26]. 
After the removal of duplicates and irrelevant articles, 11 
CRU studies and 4 economic evaluations were ultimately 
included.

Cost and resource use studies

Study characteristics

Characteristics of the identified CRU studies are summarised 
in Table 1. Most were conducted in the US (n = 4) [27–30], 
followed by Spain (n = 2) [31, 32]. One each was conducted 
in the UK [33], France [34], China [35], Bangladesh [36] 
and internationally [37]. Currency and/or currency year was 
reported in five studies. Of these, three studies used 2020 
US Dollars [28, 30, 37], one study used Euros (cost year 
not reported) [34], and one study used 2020 Chinese Yuan 
(CN¥) [35] in cost calculations. Most studies either used a 

Fig. 1   PRISMA flow diagram. aOne included study was an economic 
evaluation only, one only reported cost and resource use outcomes, 
and one reported economic evaluation, utilities and cost and resource 
use. bTwo studies were included in all three streams of the SLR; one 

study was included in economic evaluations and cost and resource 
use. HTA Health Technology Assessment, PRISMA Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses, SLR systematic 
literature review
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healthcare system perspective (n = 4) [28, 32, 34, 35], or an 
individual hospital perspective (n = 3) [27, 31, 33].

Study results

Eight studies reported resource use related to remdesivir 
(Fig. 2). In a cohort of 1643 adults treated with remdesi-
vir in a US hospital, length of stay (LOS) was 1–4 days in 
36%, 5–8 days in 23% and ≥ 9 days in 41% of patients [27]. 
The proportion of patients in each LOS category was con-
sistent across all age groups (Fig. 3). In addition, patients 
with shorter LOS were more frequently discharged to 
home (~ 60% in those with 1–4 or 5–8 days, versus 33% 
for ≥ 9 days) and had lower rates of admission to rehabilita-
tion centres (6%, 12%, and 28%, respectively) [27].

Two epidemiological modelling studies evaluated hospi-
tal and ICU bed occupancy, both using data from the adap-
tive COVID-19 treatment (ACTT-1) trial supplemented 
by regional epidemiology and cost data [32, 34]. Béraud 
2021 found that administering remdesivir between August 
2020 and February 2021 would have resulted in lower bed 
occupancy in France (Fig. 4), with a daily gain of 321.3 
beds if all eligible low- and high-flow oxygen patients were 
treated. During the peak of the second wave of the pandemic 
in France (18 November 2021), bed occupancy would have 
been 16% lower in the ICU if all eligible low- and high-flow 
oxygen patients were treated [34]. Similarly, Soriano 2021 
reported that remdesivir would have prevented at least half 
of the ICU admissions during the first wave of the pandemic 
in Spain. During maximum occupancy throughout the first 
wave, remdesivir would have resulted in a 17.53% and a 
23.98% increase in available beds in general wards and in 
the ICU, respectively [32].

In three studies assessing the frequency of remdesivir 
prescription between March and November 2020 (towards 
the beginning of the pandemic), a general increase was seen 
(Fig. 5) [29, 31, 33]. Bechman 2021, a UK-based observa-
tional study including 3,595 patients, reported that remde-
sivir was prescribed to 0.1% of hospitalised patients dur-
ing the first wave of the pandemic, 14.5% during the period 
between the first and second wave and 33.4% in the second 
wave [33]. Meanwhile, a Spanish hospital cohort study of 
1,645 patients, Garcia-Vidal 2021, reported that remdesivir 
use increased from 3% in April 2020 to 62% in July 2020 in 
hospitalised patients, but decreased in August and Septem-
ber 2020, to 53% and 36.5% [31]. In both studies, similar 
trends were observed for the prescription of dexamethasone, 
suggesting that remdesivir and dexamethasone were used 
together. Indeed, Bechman 2021 also reported that 98.8% 
of patients receiving remdesivir were co-prescribed dexa-
methasone [33]. Mozaffari 2021, a US-based real-world uti-
lisation study also found that the percentage of remdesivir 
use increased, from 5% in May 2020 to 47% in November Ta
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2020 [29]. Both the Spanish and US study also reported 
time from symptom onset to remdesivir prescription. Garcia-
Vidal 2021 reported a reduction from 15 days in June to 
6 days in August 2020 [31], while Mozaffari 2021 reported 
that the percentage of patients receiving remdesivir within 

the first two days of hospitalisation increased from 40% in 
May to 85% in November 2020 [29].

Five studies assessed the cost associated with remdesivir 
and related resource use (Fig. 2) [28, 30, 34, 35, 37]. Béraud 
2021 reported that the bed occupancy gains associated with 
remdesivir treatment for an average of 4 days would result in 
savings ranging from €307.30 if all eligible low-flow oxygen 
patients were treated to €720.63 if all eligible low- and high-
flow oxygen patients were treated. In the reported worst-case 
scenario (only eligible low-flow oxygen patients treated for 
5 full days), results would be neutral with an added cost of 
€37.70 [34].

Hill 2020 aimed to estimate the cost of manufactur-
ing generic remdesivir based on the individual costs of 
active pharmaceutical ingredients, combined with costs 
of excipients, formulation, packaging, and a profit mar-
gin. Using this calculation, the price of a 10-day course 
of treatment was found to be $9.27, equating to $0.93 
per day [37]. The 2020 HTA report from the Institute for 
Clinical and Economic Review (ICER), used this result 
from Hill 2020 to estimate the lower bound cost of a 
10-day course of remdesivir at $10 and a 5-day course at 
$5 [28]. ICER estimated the higher bound cost of a 10-day 
course at $600, based on manufacturers’ reports from 
Bangladesh and India. Based on this, ICER estimated a 
cost recovery price for remdesivir, which it defined as a 
pricing paradigm that assumes the only goal is to set a 
price that compensates the manufacturer for the costs of 

Fig. 2   Summary of studies reporting CRU data. CRU​ cost and resource use, ICU intensive care unit

Fig. 3   Frequency histogram by age groups for hospital LOS reported 
in Anderson 2021. Adapted from Anderson 2021 with permission. 
LOS length of stay
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production without additional profit [38] and reported 
that this would range from $5 to $600 if accounting for 
the minimal marginal cost only. In addition, accounting 

for the manufacturer’s projected 2020 research and devel-
opment costs, the cost recovery price would range from 
$1005 to $1600 [28].

Fig. 4   ICU bed occupancy 
gains associated with remde-
sivir compared with SoC if all 
eligible low- and high-flow 
oxygen patients are treated. 
Adapted from Béraud 2021. 
ICU intensive care unit, SoC 
standard of care

Fig. 5   Prescription of remde-
sivir over time. Bechman 2021 
reported prescription frequen-
cies for three-time frames: 
wave 1, wave 2 and the period 
between waves. Wave 1 was 
defined as 5th March 2020 to 
7th May 2020; wave 2, defined 
as 18th October 2020 to ongo-
ing at the time of analysis on 
25th January 2021. Data were 
plotted at the approximate mid-
point of each time period
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Sheinson 2021 evaluated costs associated with a treat-
ment regimen of remdesivir and dexamethasone across 
bundled (a model in which all aspects of a patient’s care 
for a given condition are bundled into one price) and fee-for-
service (FFS; a model in which each aspect of care is paid 
for separately) payment models, including post-discharge 
costs. Short-term hospital costs were estimated as $22,385 
and $22,076 for bundled and FFS payments, respectively. 
In addition, productivity losses associated with COVID-19 
amounted to $18,279 [30].

Study quality

Overall, the risk of bias of the 11 included CRU studies was 
deemed to be low-to-moderate based on the AHFMR check-
list. Most studies had a clear objective, detailed and appro-
priate study design and methodology, clearly described data 
sources, robust outcome measures and appropriate report-
ing of results and conclusions. A summary of the quality 
assessments is presented in Fig. 6 with full details in the 
Supplementary Appendix.

Economic evaluations

Study characteristics

Characteristics of identified economic evaluations are pre-
sented in Table 2. Two studies were conducted from the 

perspective of the US [28, 30], one from China [35] and one 
from South Africa [39]. Three studies evaluated healthcare 
system perspectives [28, 35, 39], while one evaluated health 
payer and societal perspectives [30].

Two studies evaluated all hospitalised patients with 
COVID-19 [30, 35], while the other two evaluated hospital-
ised patients with COVID-19 according to subgroups [28, 
39]. ICER 2020 separately evaluated moderate-to-severe and 
mild cases, with severe disease assumed to be consistent 
with the criteria in ACTT-1, and Jo 2021 evaluated sub-
groups of ventilated and non-ventilated patients in the ICU 
[39].

Three studies used a cost-utility model and reported 
incremental cost-effectiveness ratios [28, 30, 35], while one 
study used a cost-effectiveness model, reporting incremental 
cost-effectiveness ratios in terms of costs per death averted 
[39]. ICER 2020 compared remdesivir + standard of care 
(SoC) to SoC alone. Dexamethasone was included in SoC in 
the moderate-to-severe population [28]. Jiang 2021 assigned 
remdesivir + SoC to all severe-state patients and SoC alone 
to moderate-to-mild patients [35]. Sheinson 2021 compared 
potential treatments including remdesivir and dexametha-
sone with best supportive care [30]. Jo 2021 compared treat-
ment with remdesivir for non-ventilated and dexamethasone 
for ventilated patients with SoC [39].

Various assumptions about the benefit of remdesivir were 
employed in the economic analyses using inputs from vari-
ous key data sources driving the respective results. ICER 

Fig. 6   Summary of quality assessments of CRU studies included in 
the SLR using the AHFMR checklist for quantitative studies. AHFMR 
Alberta Heritage Foundation for Medical Research, CRU​ cost and 

resource use, N/A not applicable, RoB risk of bias, SLR systematic lit-
erature review
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2020 assumed remdesivir has no survival benefit, but has 
benefits in reducing the progression of patients to requir-
ing high-flow oxygen, non-invasive ventilation, mechanical 
ventilation, and ECMO, using final ACTT-1 results based 
on the overall population [28]. Jiang 2021 used results from 
a meta-analysis to assume an odds ratio of 1.81 for clinical 
improvement with remdesivir [35]. Jo 2021 used ACTT-1 
trial data to assume the benefit of remdesivir as decreas-
ing the average ICU LOS from 15 to 10 days [39]. Finally, 
Sheinson 2021 used an average of final ACTT-1 trial results 
for remdesivir and RECOVERY trial results for dexametha-
sone and estimated a 23% reduction in the hazard of pro-
gression to mechanical ventilation, a 10% to 25% increase 
in speed to recovery, and a 0% to 33% reduction in hazards 
of mortality for the combined remdesivir + dexamethasone 
treatment [30].

Study results

Three economic evaluations reported costs per QALY asso-
ciated with remdesivir treatment models. The results are 
presented in Fig. 7 as percentages of the willingness-to-
pay (WTP) thresholds of the relevant country. Two models 
reported costs per QALYs that were well within the WTP 
threshold. A US-based cost-utility model reported by Shein-
son 2021 investigated results for a treatment regimen that 

included remdesivir and dexamethasone. Accounting for 
the payer perspective only, costs per QALY were $22,933 
and $19,469 for bundled and FFS payments, respectively 
(22.93% and 19.47% of WTP of $100,000, respectively). 
When additionally accounting for the societal perspective 
through the inclusion of productivity losses, the study found 
further improved costs per QALYs of $11,492 and $8,028 
for bundled and FFS payments, respectively (11.49% and 
8.03% of WTP of $100,000, respectively) [30]. Jiang 2021 
assessed a cost-utility model from the perspective of China, 
in which remdesivir was only administered to patients 
progressing to severe COVID-19 and estimated a cost per 
QALY of CN¥ 14,098 (approximately $2,218; 19.89% of 
WTP of CN¥ 70,892) [35].

However, the US-based ICER 2020 found the cost per 
QALY of remdesivir in addition to SoC to be $298,160 
(298.16% of WTP of $100,000) in moderate-to-severe 
cases and $1,847,400 in mild cases, substantially higher 
than the WTP threshold and considerably higher than the 
results reported in other economic evaluations [28]. In this 
model, a key cost-driver was the acquisition cost of remde-
sivir despite cost offsets associated with fewer people on 
remdesivir progressing to higher levels of respiratory sup-
port. In ICER 2020, cost-effectiveness price benchmarks for 
the average treatment course of remdesivir were calculated 
for different WTP thresholds. For a threshold of $50,000 

Fig. 7   Cost per QALY across studies in terms of the WTP threshold 
of the respective country. WTP thresholds were taken as $100,000 
for the US (ICER 2020, Sheinson 2021) and CN¥ 70,892 for China 
(Jiang 2021). ICER 2020: Case 1, moderate-to-severe patients; Case 
2, mild patients. Jiang 2021: Case 1, remdesivir administered to 

severe patients only. Sheinson 2021, payer perspective: Case 1, bun-
dled payment; Case 2, FFS. Sheinson 2021, societal perspective: Case 
1, bundled payment; Case 2, FFS. CN¥ Chinese Yuan, FFS fee-for-
service, ICER Institute for Clinical and Economic Review, QALY 
quality-adjusted life-years, WTP willingness-to-pay
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per QALY, the price benchmark was estimated as $2,470 
for moderate-to-severe cases and $70 for mild cases. For a 
threshold of 100,000 per QALY, the price benchmark was 
$2,770 and $150, respectively, for moderate-to-severe and 
mild cases [28].

Finally, in a cost-effectiveness study, Jo 2021 estimated 
the impact of administering remdesivir to non-ventilated 
patients only and found that this intervention would be 
strongly dominant compared to SoC, with 26 deaths averted. 
An additional scenario in which remdesivir was adminis-
tered to non-ventilated and dexamethasone was administered 
to ventilated patients was also strongly dominant, with 408 
deaths averted and $14,591 saved. Conversely, the scenarios 
where dexamethasone was administered without remdesivir 
resulted in cost increases but were cost-effective when con-
trasted against the South African threshold value for deaths 
averted ($36,000) [39].

Study quality

The quality of the included economic evaluations was 
deemed to be moderate-to-high based on the Drummond 

checklist. The studies performed well in the majority of 
study design and analysis and interpretation of results 
domain questions. Performance in the data collection 
domain was more varied with some studies lacking in the 
reporting of details of the effectiveness study used and meth-
ods of synthesis/meta-analysis and valuation of health states 
methods. A summary of quality assessments is presented 
in Fig. 8 with full details in the Supplementary Appendix.

Discussion

Overall, the current economic evidence relating to remde-
sivir in the COVID-19 pandemic is somewhat limited, with 
only eight studies reporting resource use, five reporting cost 
and four economic evaluations of moderate-to-high quality. 
Nonetheless, the identified studies reported data that are par-
ticularly useful when considering the wider clinical context 
for use of remdesivir. Shorter hospital LOS and a reduction 
in the need for additional rehabilitation post-hospitalisation 
reported by Anderson 2021 highlight the potential of rem-
desivir for relieving pressures on the healthcare system, with 

Fig. 8   Summary of quality assessments of economic evaluations included in the SLR using the Drummond checklist. CI confidence interval, 
N/A not applicable, RoB risk of bias, SLR systematic literature review
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findings consistent across different age groups [27]. Simi-
larly, the findings from Béraud 2020 and Soriano 2021 fur-
ther support reduced healthcare burden with remdesivir use 
through reductions in bed occupancy in France and Spain, 
respectively [32, 34]. However, Anderson 2021 noted that 
while remdesivir treatment resulted in shorter LOS for some, 
a proportion of patients may have a prolonged hospital stay 
in order to complete the clinically accepted 5-day course of 
remdesivir [27]. This highlights the need for further stud-
ies to explore the balance between the length of remdesivir 
treatment course and savings in hospital resource use.

While not captured in this SLR, key benefits of remdesi-
vir to LOS and mortality have been reported in several high-
profile trials and large observational studies [19, 40–43]. 
ACTT-1 reported a 5-day decrease in duration of hospitalisa-
tion in the remdesivir compared to the placebo group [19]. 
However, in contrast, the randomised European DisCoVeRy 
trial (a sub-study of the SOLIDARITY trial) compared rem-
desivir with SoC in a cohort of 857 patients and found no 
significant difference in LOS (p = 0.49) [44]. The discrep-
ancy in the results highlights the critical importance of con-
sidering the characteristics of the patient population and the 
timing of remdesivir prescription and is highlighted when 
focussing more closely on the results for specific subgroups 
of patients in these trials. For example, in DisCoVeRy, in the 
subgroup of patients that did not require mechanical venti-
lation (MV) or ECMO at baseline, remdesivir significantly 
reduced progression to MV or ECMO [44]. Furthermore, 
in ACTT-1, additional analyses showed that patients who 
received remdesivir within less than 6 days from symptom 
onset had shorter LOS by 14 days compared with patients 
receiving placebo [19]. This reflects that, as an antiviral, 
remdesivir is most effective when prescribed early in infec-
tion when viral replication is high. It also has implications 
for the economic evaluations that used ACTT-1 data to 
inform their analyses, in that the true efficacy of remdesivir 
for its intended use may be underestimated. The benefit of 
early remdesivir initiation is also supported by interventional 
and observational studies that have reported it to be associ-
ated with improved recovery, lower rates of ICU admission 
and reduced mortality [45–47].

In line with this, studies identified in this SLR reported 
earlier administration of remdesivir over the course of the 
pandemic (Garcia-Vidal 2021 and Mozaffari 2021 [31, 43]) 
and an increase in prescriptions, particularly in combination 
with dexamethasone (Bechman 2021 and Garcia-Vidal 2021 
[31, 33]), reflective of clinicians’ increasing experience with 
remdesivir.

Three out of four economic evaluations found that the use 
of remdesivir under various scenarios would be either cost-
effective or strongly dominant [30, 35, 39]. The report from 

ICER 2020 was the only exception, finding a cost-ineffective 
result at up to 1,800% of the WTP threshold in the US [28]. 
However, the ICER 2020 report has received considerable 
criticism from the scientific community based on several 
important limitations in the methodology employed in the 
model and as a result, underestimation of the value of rem-
desivir [30, 48]. First, by nature of the ICER model adopt-
ing a healthcare system perspective, it does not consider 
broader societal benefits and costs in its cost-effectiveness 
model and, therefore, does not take into account the impact 
of income loss resulting from the pandemic. Furthermore, 
in its cost recovery model, the assumption of zero costs for 
research and development is not an accurate reflection of the 
real-life scenario. As such, the cost recovery price assess-
ments may underestimate the true price of remdesivir as they 
do not account for any additional factors such as innovation, 
value, and revenue generation.

The results of the economic evaluations must be inter-
preted in the context of the clinical scenarios and country-
specific considerations. For example, each study assessed a 
different patient population with different disease charac-
teristics, ranging from mild-to-severe illness. Similarly, the 
results of each study are dependent on the healthcare sys-
tems in place in each country that studies originated in, rang-
ing from National Health Service structures (UK and Spain) 
to statutory insurance (France) and a pure market (US) in 
this SLR. Furthermore, resources were costed differently 
across studies, with some using national tariffs, for exam-
ple, and others using insurance claims. This may impact the 
interpretation of analyses. Nevertheless, three evaluations 
reported cost-effective or strongly dominant results, indicat-
ing that remdesivir may be a beneficial treatment regardless 
of specific patient characteristics or country-specific health-
care systems.

The strengths of this review include the robust, systematic 
approach, with comprehensive search strategy that included 
multiple literature sources. Publications from all countries 
were considered and the quality of the included articles was 
appraised using published, validated tools [24, 25]. Further-
more, although quality is less assured, the consideration of 
non-peer-reviewed articles from MedRxiv and the Social 
Science Research Network allowed for the full breadth of 
emerging evidence on COVID-19 to be considered.

However, there are also several limitations. First, despite 
the high volume of evidence that continues to be published, 
few have investigated economic outcomes for remdesivir, 
meaning that the majority of conclusions are based on one 
or a small number of studies. For example, the consistency in 
findings from the French and Spanish CRU studies included 
in this SLR may be explained in part by the fact that both 
studies used the results of ACTT-1 to estimate the impact of 
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remdesivir on LOS and oxygen requirement. In addition, the 
identified studies include heterogenous populations, making 
it difficult to draw comparisons or comment on the most reli-
able results. Many included studies also relied on modelling 
estimates to draw CRU conclusions; as such, further studies 
with real-world evidence are needed to confirm and strengthen 
the results identified in this SLR. Specifically, within the evi-
dence base, Béraud 2020 used diagnosis-related group (DRG)-
based national hospital tariffs to estimate the daily cost of 
inpatient care in conventional and ICU wards. However, it is 
unclear whether the cost of remdesivir was included within the 
DRG tariffs (as is standard practice for DRG-based systems) 
or calculated in addition to the DRG tariff, which may have 
impacted cost-effectiveness results [34]. Further, Sheinson 
2021 used a lifetime model for COVID-19, a largely acute 
disease [30]. While COVID-19 symptoms can persist in some 
patients for weeks or months after initial infection, referred 
to as “long COVID-19” [49], it is unclear whether a model 
extending through a patient’s lifetime provides a realistic rep-
resentation of the disease.

Another important consideration is that, due to the nature 
of the early stages of the pandemic, most evidence included 
in this SLR focussed on older adults with the initial strain of 
the virus [50]. However, a shift in the demography of the pan-
demic continues to emerge, with increasing numbers of cases 
reported in younger adults and higher prevalence of different 
variants, including Delta and Omicron, as well as a shift in 
the disease pattern from a pandemic to a seasonal endemic 
[51–53]. Nonetheless, findings of this SLR, covering a variety 
of geographies and patient populations still provide a useful 
basis and overview of the initial evidence base, and can be 
used to inform future HTA processes as well as setting the 
foundations for future studies.

Several additional studies have been published since this 
review was conducted, reporting remdesivir-related eco-
nomic evaluations and cost data from a variety of countries. 
A further cost-consequence study from the perspective of 
the US [54] and a cost-effectiveness study from Turkey [55] 
have reported that remdesivir would be a cost-effective and 
strongly dominant treatment for COVID-19, respectively. In 
addition, epidemiological modelling studies from Germany 
[56], South Africa [57], Saudi Arabia [58] and Portugal [59] 
have reported that remdesivir administration would result in 
significant increases in hospital bed capacities, while a cohort 
study in Hong Kong has found that early remdesivir treatment 
is associated with significantly shorter hospital LOS [60]. 
Of note, several of these studies reported reduced ICU LOS 
or increased ICU bed capacity with remdesivir, in line with 
Béraud 2020 and Soriano 2021, a notable outcome consider-
ing the substantially higher costs associated with ICU stays in 
comparison with general ward stays [32, 34].

Conclusions

Findings of this SLR suggest that patient population and tim-
ing are two essential factors to consider in clinical practice for 
treatment decisions regarding remdesivir. Further investiga-
tions are necessary to characterise the treatment needs of a 
new patient population with the shifting state of the pandemic. 
However, despite changes in patient populations, COVID-19 
treatments that can minimise hospital LOS will continue to 
be highly important, as breakthrough infections in vaccinated 
individuals, and limitations to widespread vaccinations will 
continue to drive COVID-19 infections. As such, hospitals 
may continue experiencing surges in patients with seasonal 
waves of the virus, necessitating treatments that alleviate pres-
sures on hospital capacities and healthcare systems.
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